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In our research work, Groups 4-6 metal complexes supported by the sterically 
demanding 2-pyridyl amido ligand [N(SiBu'Me2)(2-C5H3N-6-Me)]" [L�]— and the 
unsymmetrical benzamidinato ligand [PhC(NSiMe3)(NAr)]_ (Ar = 2,6-Me2C6H3) [I?] 
have been successfully synthesized and structurally characterized. 
Chapter 1 gives a general introduction on metal amides. 
Chapter 2 deals with the synthesis and structures of Group 4 metal amides 
derived from the 2-pyridyl amido ligand The dimeric Ti(IV) complex 
[Ti(L')Cl2(//-Cl)] (3) was prepared by direct reaction of anhydrous titanium(IV) chloride 
with the proligand [HL'] (1)，while the reaction of anhydrous titanium(IV) chloride with 
the potassium amide [KL'] afforded the monomeric [Ti(L')Cl3(THF)] (4). Using the 
monochloro Zr(IV) and Hf(IV) triamides [M(L^)3C1] (M = Zr 5 or Hf 6) previously 
prepared by our research group, we have successfully synthesized the Zr(IV) methyl 
complex [Zr(Li)3(Me)] (9) and the Hf(IV) hydride complex (8). Treatment of 6 with 
excess lithium aluminium hydride yielded the corresponding Hf(IV) hydride complex 
[Hf(Li)3H] (8). Reaction of 5 with methyl lithium gave the corresponding zirconium(IV) 
methyl complex [Zr(L')3(Me)] (9). 
Chapter 3 begins with a brief overview on metal amidinates, vanadium(III) 
amido and amidinate complexes. The dinuclear V(III) complex [V(L')2C"-C1)]2 (10) 
was prepared by the reaction of [VCl3(THF)3] with the potassium amide KL', and 
subsequent reaction of 10 with lithium aluminum hydride yielded the corresponding V(III) 
hydride complex [V(L')2(//-H)]2 (11). On the other hand, treatment of [VCl3(THF)3] 
with the lithium benzamidinate [Li(L^)(tmeda)] (13) gave the mononuclear V(III) 
Z>w-benzamidinate complex [V(L^)2C1] (14) and [V(tmeda)2Cl2] (15) as a side 
product. 
Chapter 4 deals with the synthesis and structures of low-valent chromium amide 
and bezamidinate complexes derived from the [L']~ and ligands. The homoleptic 
Cr(III) amide [Cr(L')3] (16) was readily prepared by the reaction of the potassium amide 
v i 
KL' with anhydrous chromium(III) chloride. The mononuclear chromium(II) 
Z>/5-benzamidinate complex [Cr(L )^2] (17) was successfully prepared by the treatment of 
anhydrous chromium(II) chloride with the appropriate lithium reagent [Li(L^)(tmeda)] 
(13). 
v i i 
摘要 
在這硏究項目中，我們成功地合成出由有立體位阻的 2 -卩此淀基胺配體 




第二章涉及的內容環繞由2 - i t D定基胺配體 [ L i r衍生出的第四族金屬配合 
物的合成及結構硏究。通過胺基氫[HLi] (1)與脫水的四價駄氯化物的直接反應， 
我們製備了雙核的四價駄配合物[Ti(Li)Cl2(//-Cl)] ( 3 ) �另一方面，通過胺基評驢 
[ K L ' ] 與脫水的四價欽氯化物的反應，我們得到了單核的四價欽配合物 
[Ti(L')Cl3(THF)] ( 4 ) �此外，應用我們硏究小組過去製備的四價金屬單氯胺化物 
[M(L')3C1] ( M = 锆 5 or鈴6)，我們成功製備了四價锆的甲基配合物[Zr(Li)3(Me)] 
(9)及四價鈴的氫配合物[Hf(Li)3H] ( 8 ) �通過化合物6與過量的氫錯鋰L i A l H 4反 
應，可得到相應的氫配合物[Hf(Li)3H] ( 8 ) �而通過化合物 5與甲基鋰L i M e反應’ 





鋰憩[Li(L2)(tmeda)] (tmeda =四甲基乙胺）（13)與三價机氯化物[VCl3(THF)3]的 
反應，我們得到了單核雙苯脒配位的三價 f l配合物 [V(L 2 )2C1] ( 1 4 )及其副產物 
_«s-[V(tmeda)2a2] ( 1 5 ) � 
第四章描述了由舭症胺基 [ L i ] -和苯脒 [ L 2 ] —配位的低價鉻配合物的合成 
和結構表徵。通過胺基鉀[KLi]與脫水三價絡氯化物的反應，絡的三取代金屬胺化 
物[Cr(Li)3] (16)被合成。此外’應用相對應的鋰驢[Li(L')(tmeda)] (tmeda = 四甲 
v i i i 
基乙胺）（2)與脫水二價絡氯化物作反應’可得到單核雙苯脒配位的二價絡配合物 
[Cr(L2)2] ( 1 7 ) � 
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CHAPTER 1. A GENERAL INTRODUCTION TO 
METAL AMIDO COMPLEXES 
1.1 GENERAL BACKGROUND 
In general, metal amides are compounds with one or more amido ligand(s) 
[NRR'] (R/R' = H, alkyl, aryl, alkenyl, alkynyl or silyl) bonded to a metal center 
(Chart 1-1). The foundations and explorations of amidometal chemistry were laid in 
the 1960，s and 1970，s, as exemplified by the pioneering work of Burger, Wannagat, 
Bradley, and Lappert. The investigations were mainly motivated by the exploration 
of the reactivity of metal-nitrogen bonds in comparison to the metal-carbon bonds. 
Amido ligands form stable homoleptic or heteroleptic complexes with various metals. 
A variety of metal amides have been reported in the past few decades.' 
N , ^ ^ O, 
I ： I 
M M M 
Amido ligand Cyclopentadienyl ligand A l k o x y ligand 
Chart 1-1 
During the 1970’s and the 1980’s，progress in amidometal chemistry became 
stagnant as greater research efforts were devoted to the chemistry of metallocenes. 
Extensive investigations for compounds with essentially r|5—bound anionic 
cyclopentadienyl ligands [C5R5] (Cp) (Chart 1) have been animated since their 
discovery, with special interest being devoted to Group 4 metallocenes, which showed 
high activities in combination with cocatalysts in alkene polymerization and 
activation of small molecules. In addition to this classical example for the control of 
complex reactivity, since the beginning of 1990，considerable research efforts have 
been devoted to the development of novel ligands as alternatives to the well-known 
Cp ligands. Apart from Cp ligands, alkoxy (OR) and amido (NR2) ligands (Chart 1) 
1 
have also been proved to be suitable for the stabilization of early, electron-poor 
transition metals in medium to high oxidation states. Amido ligands have attracted 
much interest among these alternatives since it provides a greater potential in ligand 
design through the availability of two substitution positions at the amido N-donor 
atom. The variations of steric and electronic properties of the R and R’ substituents, 
and the possibility of combining with other donor functionalities (e.g. boron, oxygen 
and sulphur) which possess a different thermodynamic and kinetic stability of their 
interaction with the metal center.""^ Furthermore, as the metal-amido bond is 
kinetically inert and thermodynamically more stable than the corresponding 
metal-carbon bond,''' amido ligands have been exploited for the control of reactivity 
on transition metal complexes with well-defined reactive centers. As a consequence, 
the reactivity of the resulting metal complexes can be specifically tailored.'®"^  
After Frankland's discovery of the spontaneously inflammable ZnEt2 in 
1849，the first metal amide, Zn(NEt2)2，was reported in 1856.2 ^as synthesized by 
the reaction of diethyl zinc with diethylamine (Equation 1-1). 
ZnEt2 + 2 HNEt2 • Zn(NEt2)2 + 2 CzHg 
Equation 1-1 
The first transition metal amides, namely [Ti(NPh2)4], was reported in 1935? 
Afterwards, no other transition metal amides have been reported until the late 1950's. 
Since the 1960，s，the monoanionic Z?/5-trimethylsilylamido ligand [(Me3Si)2N]~ has 
been used extensively to stabilize metal ions with low coordination numbers and 
oxidation states throughout the periodic table. A number of trivalent transition metal 
amides [M(N(SiMe3)2)3] (M = Sc, Ti，V，Cr and Fe)，along with the divalent 
compounds [M(N(SiMe3)2)2] (M = Mn, Fe, Co and Ni) were reported.'' This 
ligand was initially explored by Burger and Wannagat, and later exploited by Bradley 
and co~workers.5d Later in the 1970，s，Lappert and co-workers have extended this 
2 
field to metal-carbon compounds by using the carbanion [(Me3Si)2CH]，which was 
isoelectronic with [(Me3Si)2N]~ 
The first mononuclear homoleptic lanthanide(III) metal amides 
[Ln{N(SiMe3)2}3] (Ln = La, Ce，Pr, Nd, Sm, Eu, Gd，Ho, Yb and Lu) were reported 
in I973.5e. Although an enormous amount of efforts have been devoted to the 
synthesis of late transition metal amides, success in obtaining these complexes are 
still scarce due to the lability of the M-N bonds. This may be attributed to an 
unfavourable combination of the "hard" anionic amido ligand and the "soft" 
low-valent late transition metal center. Moreover, the destabilizing effect of the 
M-N bond could be intensified by a Ti-conflict between the lone pair electron density 
on the amido nitrogen atom and the filled ^/-orbitals of the late transition metal 
center.丨 
Since the 1980's, considerable research efforts have been devoted to the 
studies of monoanionic 2-pyridyl amido ligand, which binds to the metal center in 
monodentate TV-centered, -bridging, or A/； A^'-chelating mode. A wide range of 
main-group metal complexes (including alkali metaP’ ！之，alkaline earth metal'"-
Group 129c，Group 139b’9d and Group 15 metal") and transition metal (including early 
transition m e t a l 1^2�’ 22-26，medium to late transition metaP-is’ 21-23,27-29) complexes with 
unusual coordination geometry and different degree of association, from monomeric 
to polymeric species, as well as lanthanide derivatives^^" have been prepared and 
structurally characterized. Some examples of 7V~functionalized amido ligands of the 
types [N(R)(2-Py)]" [N(R')(2-C5H3N-6-R)]~ [N(R)(2-C5H3N-4-Me)]" and 
[N(R)(8-C9H6N)]~ are illustrated in Chart 1-2. 
3 
r ' ^ 
e e ® i 
oN�r 
R = H12S, MEI°. 16B, R/R' = Me/SiMeg®"' ” . 2 5 , 3 2 , 3 3 , r = SIMEGIS. 20.22,30,31 r = h®". SIMES®- SIFEUMEZ?? 
Ph®' ； 1 2 b . 13.16. . IB, 19,26, M e / 1 - a d m a n t y p - , 
Py9d. 10.14.21.23, M e / S i ' B u M e z ^ a . 29.34 o r 
1-admanty|24or Me/Si'BuPhg^ B 
S i M e 3 ^ 2 a 
R/R' = 2.6-Me2Ph/2.6-''Pr2Ph=»5 or 
2,4,6-'Pr3Ph/2.6-'Pr2Ph35 
Chart 1-2 
A few transition metal complexes derived from monoanionic pyridyl amido 
ligands have been proved to be active in non-metallocene olefin polymerization. 
Kempe et al have reported the combined use of an aminopyridinato ligand and an 
amide ligand in titanium and zirconium complexes.'^ The mononuclear titanium(IV) 
amido complex (Chart 1-3) showed a remarkably high activity towards the 
polymerization of propene and 1-butene if activated with MAO, 
triisobutylaluminiuin/B(C6F5)3 or ethylaluminium sesquichloride.” A year later, 
Polamo et al have reported a very high ethylene polymerization activity of two novel 
tantalum(V) amides when using MAO as cocatalyst." (Chart 1-3) Very recently, 
Kempe and co-workers have also reported the structures of a nickel(II) and 
palladium(II) amido complex which exhibited an unique reactivity due to a strained 一 
coordination. The latter two metal complexes have been proved to be active 
catalysts in Suzuki coupling of aryl chlorides and polymerization of hydrosilanes.^ ® 
4 
A Bz Ph\ p 
MeoN丨"•.Ti—NHMe, W / / ^ ^ / \ 
/ \ cr 'ci X C I r 
CI CI CI N H CI H N \ 
Ph Ph 
Kempe et al" Polamo et al.^^ 
M e a S i � / = \ 
z N � / ) ~ M e g S i � / = \ 
S i M e 3 f ‘ \ “ � 
N N SiMea 
MeaSr'^ Y rt 
Kempe et al.^^ 
Chart 1-3 
In order to increase the stability of the metal-ligand bond, which in turn 
extend the active lifetime of metal complexes when employed as catalysts, 
considerable research efforts have been devoted to the development of pyridyl 
bisamido ligands in recent years. One example of bisamido ligand involved a 
bridging siloxane group which links two pyridyl amido moieties. The corresponding 
metal complexes reported by Kempe et al are proved to be active catalysts in 
ethylene polymerization and the ring-opening polymerization of lactones (Chart 
1 /j) Id. 36. 39. 40 
R 
X ) , h ) H - V n : V 0 隱 
S i - N - ^ /(THF)n > i - N j e f N-Si〔 ^ W ； V o ( ^ T i — C I 
9 U,T%3 P q 〔 令 N � w 
Ln = Y’ n = 2; ^^^^^ 肌 = M e / M e ; 
Ln = S m . n = 3 R/R' = Me/'Pr 
Kempe et a/.id. 39.4o 
Chart 1-4 
5 
Apart from the siloxane—bridged ligand, early transition and lanthanide metal 
complexes derived from other pyridyl bisamido ligands have also been reported/'^^ 
Some of these complexes have also been found to be efficient catalysts for olefin 
polymerization (Chart 1-5). 
Ar Ar p 
/=< \ , � x A V ^ l i i — R I t 
MeaSi^ SiMea M = Zror Hf; S J T V i l j 
Ar = 2,6"Me2-C6H3,2’6-Et2-C6H3 Ar = 2.4.6-Me3-C6H2 or jf V-^e 
or 2.6-'Pr-C6H3； 2’4,6」Prq-C6H2; 
X = CI or M e R = CI. M e or 'Bu 
McConville ef a//i Gade ef a/Z^  Schrock et al.^^ Scott et a//" 
(THF)n X R f ^ 
V X 义 
V V k J � \ x Z | x � 
u Xi i RN 肖 
M = Sc, Y or Lu; 
Ar = Z.e-'Pr-CgHa； R = SiMes or Mesityl; 
X = CHzSiMea X = CI or BH4 
Mountford et a/."® 
Chart 1-5 
6 
1.2 OBJECTIVES OF THIS WORK 
In recent years, amido-based ligands have attracted much interest as 
alternatives to classical cyclopentadienyl ligands in oganometallic chemistry. They 
offer a great potential in both ligands and complexes design and control the reactivity 
of the corresponding metal complexes by providing well-defined reaction centers. 
More recently, the sterically demanding 2-pyridyl amido ligands 
[N(R)(2-C5H3N-6-Me)]" (R = SiBu'Me�，SiBu'Phs), [NCSiBu'MciXS-CpHgN)]" and 
the imsymmetrical benzamidinate ligand [PhC(NSiMe3)(NAr)]~ (Ar = 2,6~Me2C6H3) 
have been developed in our laboratory.27—29’ 34’ 46-49 These amido and amidinate 
ligands have been proved to stabilize a number of alkali, late transition and lanthanide 
metals. Therefore, the objectives of this work are to synthesize and structurally 
characterize Groups 4-6 metal complexes supported by the monoanionic 2-pyridyl 
amido ligand [N(SiBu'Me2)(2-C5H3N-6-Me)]~ and imsymmetrical 
benzamidinate ligand [PhC(NSiMe3)(NAr)]~ (Ar = 2，6~Me2C6H3) and to 





1.3 REFERENCES FOR CHAPTER 1 
(1) (a) M. F. Lappert,.; P. P. Power; A. R. Sanger and R. C. Srivastava, Metal and 
Metalloid Amides: Syntheses, Structures, and Physical and Chemical Properties, 
Ellis Horwood, Chichester and New York, 1980. 
(b) A. Togni and L. M. Venanzi, Angew. Chem. Int. Ed. Engl, 1994, 33, 
497-526. 
(c) R. Kempe, Angew. Chem. Int. Ed., 2000, 39，468-493. 
(d) R. Kempe, Eur. J. Inorg. Chem., 2003，791-803. 
(e) L. H. Gade, Chem. Commun.’ 2000, 173-181. 
(2) (a) P. J. Davidson, M. F. Lappert and R. Pearce, Acc. Chem. Res., 1974，7， 
209-217. 
(b) E. Frankland, Proc. Roy. Soc., 1956-7, 8，502. 
(3) O. C. Dermer and W. C. Femelius, Z Anorg. Chem.，1935, 221，83. 
(4) (a) H. Burger and U. Wannagat, Monatsh. Chem.’ 1963，94，1007-1012. 
(b) H. Burger and U. Wannagat, Monatsh. Chem., 1964，95，1099-1102. 
(5) (a) D. C. Bradley, M. B. Hursthouse and P. F. Rodesiler, J. Chem. Soc., Chem. 
Commun., 1969, 14-15. 
(b) D. C. Bradley and K. J. Fisher, J. Am. Chem. Soc., 1971, 93, 2058-2059. 
(c) D. C. Bradley, M. B. Hursthouse, R. J. Smallwood and A. J. Welch, J. Chem. 
Soc., Chem. Commun., 1972, 872-873. 
(d) E. C. Alyea, D. C. Bradley and R. G. Copperthwaite, J. Chem. Soc., Dalton 
Trans., 1972, 1580-1584. 
(e) D. C. Bradley, J. S. Ghotra and F. A. Hart, J. Chem. Soc., Dalton Trans., 
1973, 1021-1023. 
(f) D. C. Bradley, Chem. Brit” 1975,11，393-397. 
8 
(g) D. C. Bradley and M. H. Chisholm,^cc. Chem. Res., 1976，9，273-280. 
(h) D. C. Bradley, J. S. Ghotra and F. A. Hart，Inorg. Nucl Chem. Lett.’ 1976，12, 
735-737. 
(i) P. G. Eller, D. C. Bradley, M. B. Hursthouse and D. W. Meek, Coord. Chem. 
Rev., 1977, 24，1-95. 
(j) D. C. Bradley, M. B. Hursthouse, K. M. A. Malik and R. Moseler, Transition 
Met. Chem., 1978, 3, 253-254. 
(k) D. C. Bradley and R. G. Gopperthwaithe, Inorg. Synth, 1978，18，112-120. 
(6) (a) D. H. Harris and M. F. Lappert, J. Organomet Chem. Labr., 1976, 2，13-102. 
(b)T. Fjeldberg, H. Hope, M. F. Lappert, P. P. Power and A. J. Thome, J. Chem. 
Soc., Chem. Commun., 1983，126，639-641. 
(c) B. D. Murray and P. P. Power, Inorg. Chem., 1984，23，4584-4588. 
(d) H. Hope, M. M. Olmstead, B. D. Murray and P. P. Power, J. Am. Chem. Soc., 
1985，107，712-713. 
(e) R. A. Andersen, K. Faegri，J. C. Green A. Haaland, M. F. Lappert, W. P. 
Leung and K. Rypdal, Inorg. Chem., 1988，27, 1782-1786. 
(7) (a) R. G. Pearson, J. Am. Chem. Soc., 1963，85，3533-3539. 
(b) R. G. Pearson, J. Chem. Edu., 1968, 45，581-586. 
(c) R. G. Pearson, J. Chem. Edu., 1968, 45, 643-648. 
(d) H. E. Bryndza and W. Tarn, Chem. Rev., 1988，88, 1163-1188. 
(e) M. D. Fryzuk and C. D. Montgomery, Coord Chem. Rev., 1989，95, 1-40. 
(f) J. M. Mayer, Comments Inorg. Chem., 1988，8，125-135. 
(8) (a) D. Barr, W. Clegg，R. E. Mulvey and R. Snaith, J. Chem. Soc., Chem. 
Commun.，1984，469-470. 
(b) D. Ban, W. Clegg, R. E. Mulvey and R. Snaith, J. Chem. Soc., Chem. 
Commun.’ 1984, 700-701. 
9 
(9) (a) L. M. Engelhardt, G. E. Jacobsen, P. C. Junk, C. L. Raston, B. W. Skelton 
and A. H. White, J. Chem. Soc., Dalton Trans” 1988，1011-1020. 
(b) L. M. Engelhardt, G. E. Jacobsen, P. C. Junk, C. L. Raston and A. H. White, 
J. Chem. Soc., Chem. Commun., 1990, 89-91. 
(c) L. M. Engelhardt, P. C. Junk, W. C. Patalinghug, R. E. Sue, C. L. Raston, B. 
V. Skelton and A. H. White, J. Chem. Soc., Chem. Commun., 1991，930-932. 
(d) L. M. Engelhardt, M. G. Gardiner, C. Jones, P. C. Junk, C. L. Raston and A. 
H. White, J. Chem. Soc., Dalton Trans., 1996, 3053-3057. 
(10) K. W. Henderson, R. E. Mulvey and A. E. Dorigo, J. Organomet. Chem., 1996, 
518，139-146. 
(11) (a) C. L. Raston, B. W. Skelton, V. - A . Tolhurst and A. H. White, Polyhedron, 
1998，17，935-942. 
(b) C. L. Raston, B. W. Skelton, V. - A . Tolhurst and A. H. White，J. Chem. 
Soc., Dalton Trans” 2000，1279-1285. 
(12) (a) S. T. Liddle and W. Clegg, J. Chem. Soc., Dalton Trans., 2001, 402-408. 
(b) S. T. Liddle, W. Clegg and C. A. Morrison, Dalton Trans., 2004, 2514-2525. 
(13) (a) A. R. Chakravarty, F. A. Cotton and E. S. Shamshoum, Inorg. Chim. Acta, 
1984，86’ 5-11. 
(b) A. R. Chakravarty, F. A. Cotton and E. S. Shamshoum, Inorg. Chem.’ 1984， 
23, 4216-4221. 
(14) L. P. Wu, P. Field, T. Morrissey, C. Murphy, P. Nagle and B. Hathaway, J. 
Chem. Soc., Dalton Trans., 1990，3835-3840. 
(15) L. M. Engelhardt, G. E. Jacobsen, W. C. Patalinghug, B. W. Skelton, C. L. 
Raston and A. H. White, J. Chem. Soc., Dalton Trans., 1991，2859-2868. 
(16) (a) R. Kempe and P. Amdt, Inorg. Chem., 1996, 35, 2644-2649. 
(b) R. Kempe, S. Brenner and P. Arndt，Organometallics, 1996,15，1071-1074. 
10 
(17) H. Fuhrmann, S. Brenner, P. Amdt and R. Kempe, Inorg. Chem., 1996，35， 
6742-6745. 
(18) (a) M. Polamo and M. Leskela, J. Chem. Soc., Dalton Trans., 1996, 43454349. 
(b) M. Polamo and M. Leskela, Acta Chem. Scand, 1997，51，69-72. 
(19) C. Gack and P. Kliifers, Acta Cryst. Sec. C，1996，52，2975-2977. 
(20) M. Oberthiir, G. Hillebrand, P. Amdt and R. Kempe, Chem. Ber., 1997, 130, 
789-794. 
(21) (a) F. A. Cotton, L. M. Daniels, C. A. Murillo and I. Pascual, J. Am. Chem. Soc.’ 
1997，119，10223-10224. 
(b) F. A. Cotton, L. M. Daniels, G. T. Jordan IV and C. A. Murillo., J. Am. 
Chem. Soc., 1997，119，10377-10381. 
(c) F. A. Cotton, L. M. Daniels and G. T. Jordan IV, Chem. Commun, 1997, 
421-422. 
(d) F. A. Cotton, L. M. Daniels, C. A. Murillo and L Pascual, Inorg. Chem. 
Commwu 1998, 1-3. 
(22) A. Spannenberg, A. Tillack, P. Amdt, R. Kirmse and R. Kempe, Polyhedron, 
1998,17, 845-850. 
(23) (a) R. Clerac, F. A. Cotton, L. M. Daniels, K. R. Dunbar, K. Kirschbaum, C. A. 
Murillo, I Pascual and X. Wang, Inorg. Chem., 1999, 38，2655-2657. 
(b) R. Clerac, F. A. Cotton, L. M. Daniels, K. R. Dunbar, K. Kirschbaum, C. A. 
Murillo, A. A. Pinkerton, A. J. Schultz and X. Wang, J. Am. Chem. Soc., 2000, 
122，6226-6236. 
(c) R. Clerac, F. A. Cotton, K. R. Dunbar, T. Lu，C. A. Murillo and X. Wang, J. 
Am. Chem. Soc., 2000,122, 2272-2278. 
(d) R. Clerac, F. A. Cotton, K. R. Dunbar, T. Lu, C. A. Murillo and X. Wang, 
Inorg. Chem” 2000，39，3065-3070. 
11 
(e) R. Clerac, F. A. Cotton, S. P. Jeffery, C. A. Murillo and X. Wang, Inorg. 
C77em.，2001,40，1265-1270. 
(f) R. Clerac, F. A. Cotton, L. M. Daniels, K. R. Dunbar, C. A. Murillo and X. 
Wang, J. Chem. Soc., Dalton Trans., 2001, 386-391. 
(g) F. A. Cotton, L. M. Daniels, P. Lei, C. A. Murillo and X. Wang, Inorg. 
C72em.，2001，40，2778-2784. 
(24) C. Morton, P. O'Shaughnessy and P. Scott, Chem. Commun.，2000, 2099-2100. 
(25) C. Jones, P. C. Junk, S. G. Leary and N. A. Smithies, Inorg. Chem. Commun., 
2003, 6, 1126-1128. 
(26) M. Talja, M. Klinga, M. Polamo, E. Aitola and M. Leskela, Inorg. Chim. Acta, 
2005，358， 1061-1067. 
(27) H. K. Lee, Y. Peng, S. C. F. Kui，Z.-Y. Zhang, Z.-Y. Zhou and T. C. W. Mak, 
Eur. J. Inorg. Chem” 2000, 2159-2162. 
(28) H. K. Lee, Y.-L. Wong, Z.-Y. Zhang, D. K. P. Ng and T. C. W. Mak, J. Chem. 
Soc., Dalton Trans., 2000，539-544. 
(29) H. K. Lee, C. H. Lam, S.-L. Li, Z.-Y. Zhang and T. C. W. Mak, Inorg. Chem., 
2001，40，4691-4695. 
(30) A. Spannenberg, P. Amdt and R. Kempe, Angew. Chem. Int. Ed., 1998, 37, 
832-835. 
(31) R. Kempe, H. Noss and T. Irrgang, J. Organomet. Chem., 2002, 647, 12-20. 
(32) J. Baldamus, M. L. Cole, U. Helmstedt, E. -M. H.-Hawkins, C. Jones, P. C. 
Junk, F. Lange and N. A. Smithies, J. Organomet. Chem., 2003，665, 33-42. 
(33) M. L. Cole and P. C. Junk, New J. Chem.’ 2003, 27, 1032-1037. 
(34) S. C. F. Kui, H.-W. Li and H. K. Lee, Inorg. Chem., 2003，42, 2824-2826. 
(35) N. M. Scott and R. Kempe, Eur. J. Inorg. Chem.’ 2005, 1319-1324. 
12 
(36) (a) G. J. P. Britovsek, V. C. Gibson, D. F. Wass, Angew. Chem. Int. Ed., 1999’ 
38, 428447. 
(b) V. C. Gibson and S. K. Spitzmesser, Chem. Rev., 2003,103, 283-315. 
(37) K. Hakala, B. Lofgren, M. Polamo and M. Leskela, Macromol. Rapid. Commun., 
1997，18，635-638. 
(38) S. Deeken, S. Proch, E. Casini, H. F. Braun, C. Mechtler, C. Marschner, G. Motz 
and R. Kempe, Inorg. Chem�2006, 45, 1871-1879. 
(39) M. Oberthtir, P. Amdt and R. Kempe, Chem. Ber.’ 1996,129, 1087-1091. 
(40) H. Noss，M. Oberthiir, C. Fischer, W. P. Kretschmer and R. Kempe, Eur. J. 
Inorg. Chem., 1999，2283-2288. 
(41) F. Guerin, D. H. McConville and J. Vittal, Organometallics, 1996, 15, 
5586-5590. 
(42) (a) S. Friedrich, M. Schubart, L. H. Gade, I. J. Scowen, A. J. Edwards and M. 
McPartlin, Chem. Ber./Recueil 1997，130，1751-1759. 
(b) L. H. Gade, Chem. Commun., 2000，173-181. 
(43) (a) P. Mehrkhodavandi, P. J. Bonitatebus, Jr. and R. R. Schrock, J. Am. Chem. 
Soc., 2000,122，7841-7842. 
(b) P. Mehrkhodavandi and R. R. Schrock, J. Am. Chem. Soc,, 2001，123, 
10746-10747. 
(c) P. Mehrkhodavandi, R. R. Schrock and P. J. Bonitatebus, Jr.， 
Organometallics, 2002,21，5785-5798. 
(d) P. Mehrkhodavandi, L. L. Pryor and R. R. Schrock, Organometallics, 2003, 
22，4569-4583. 
(44) I. Westmoreland, I J. Munslow, P N. O'Shaughnessy and P. Scott, 
Organometallics, 2003,22, 2972-2976. 
13 
(45) (a) M. E. G. Skinner, D. A. Cowhig and P. Mountford, Chem. Commun., 2000, 
1167-1168. 
(b) M. E. G. Skiner and P. Mountford, J. Chem. Soc., Dalton Trans., 2002, 
1694-1703 
(c) F. Bonnet, A. C. Hillier, A. Collins, S. R. Dubberley and P. Mountford, 
Dalton Trans., 2005, 421-423. 
(d) M. E. G. Skinner, T. Toupance, D. A. Cowhig, B. R. Tyrrell and P. 
Mountford, Organometallics, 2005, 24，5586-5603. 
(46) H. K. Lee, T. S. Lam, C. -K . Lam, H. -W. Li and S. M. Fung, New. J. Chem” 
2003，27，1310-1318. 
(47) Y. Peng, M. Phil Thesis, The Chinese University of Hong Kong, 1999. 
(48) T. S. Lam, M. Phil. Thesis’ The Chinese University of Hong Kong, 2002. 
(49) P. S. Cheng, M. Phil. Thesis, The Chinese University of Hong Kong, 2004. 
14 
CHAPTER 2. SYNTHESIS AND STRUCTURES OF 
GROUP 4 METAL AMIDES 
2.1 INTRODUCTION 
2.1.1 General Background 
The chemistry of Group 4 metal amides have attracted much interest in past 
decades due to a wide range of their applications in different areas such as chemical 
vapor deposition of microelectronic thin films of metal carbonitrides, nitrides and 
oxides，" versatile starting materials for inorganic and organometallic synthesis,^ 
formation of stable complexes with a number of reactive species including alkyl 
groups with y^-hyrdrogens and methylidene ligands,® activation of small molecules 
like dinitrogen,'° non-metallocene olefin polymerization and living olefin 
polymerization catalysis.""^'' 
2.1.2 Common Preparation Methods for Group 4 Metal Amides 
Common preparative methods for Group 4 metal amides have been classified 
into several distinct types, including (a) transmetallation (salt metathesis); (b) 
transamination (amine elimination); (c) direct synthesis (HCl elimination); (d) silyl 
chloride elimination; and (e) alkane elimination.^ "^^ ® 
(a) Transmetallation (Salt metathesis) 
This is the most common route for preparing homoleptic and heteroleptic metal 
amides by controlling the stoichiometry of reactants (Equation 2-1). The reaction of 
TiCU with Na(NPh2) was an early example. However, no other transition metal 
amide has been reported until the early 1960，s，when Bradley and Thomas published a 
series of papers on complexes of some early transition metals.""^^ 
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M = Ti, Zr or Hf 
MCI4 + n M'NRR' M, = Li, Na or K > M(NRR')nCl4_n + n M'CI 
Equation 2-1 
(b) Transamination (Amine elimination) 
In most cases, transamination reactions proceed smoothly and in high yield, the 
more volatile amine is usually displaced. However, this method is limited by steric 
factors and amine volatility (Equation 2-2). If the eliminated amine is HNMe�， 
which is a gaseous compound under ambient conditions, transamination is particularly 
attractive as the resulting metal complex can be easily isolated.""" 
M = Ti, Zr or Hf 
M(NR2)4 + nHNR'2 • M(NR丨2)n(NR2)“n + (4 - n) HNR2 
Equation 2-2 
(c) Direct Synthesis (HCl elimination) 
Another well-known methods to synthesize ami do metal complexes is by direct 
reaction of early transition metal halides with an appropriate proligands (HL). This 
method facilitates a rapid and simple access to the corresponding metal amides 
(Equation 2-3). 
M = Ti or Zr 
MCI4 + n HL • MLnCI(4-n) + n HCl 
Equation 2-3 
(d) Silylchloride Elimination 
It involves the reactions of silylated ligand precursors with metal halides, in which 
silyl chloride was formed as a side product. One of these examples is illustrated in 
Equation 之•4，丨丨"^ 23 
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/^ NR(SiMe3) ..-CI 
Ticu + N—-Ti'^^i + 2 CISiMes 
^NR(SiMe3) “NR 
(R = 2,6-'Pr2-C6H3 or 2’&•Mez-CsHj^ 
Equation 2-4 
(e) Alkane Elimination 
This preparative method involves the reactions of metal alkyls with protonated 
ligand (HL). One of these examples is toluene elimination. Some attractive 
features of this approach include a one-step synthesis, high isolated yields, a 
convenient synthetic temperature and simple work-up procedure (Equation 2-5)}^' 
27-28 
M = Ti, Zr or Hf 
MR4 + nHL ^ MR(4-n)Ln + n RH 
Equation 2-5 
2.1.3 An Overview on Titaniuin(IV), Zirconiuin(IV) and 
Hafnium(IV) Amides 
After the first report on the diphenylamido titanium complex [Ti(NPh2)4] by 
Dernier and Femelius in 1935,^ ^ a series of tetrakisdialkylamido titanium(IV) and 
zirconium(IV) complexes were prepared by Bradley and co-workers in 1959 
(Equation 2-6).^ ®"^ ' These compounds are reactive, colored and could be distilled in 
vacuo. 
M = Ti or Zr 
MCI4 + 4 LiNRz • M(NR2)4 + 4 LiCI 
R = Me, Et, "Pr or 'Bu 
Equation 2-6 
A decade later, Bradley and co-workers have prepared the monochloro 
titanium(IV) complex, TiCl[N(SiMe3)2]3， derived from the more bulky 
^/5-trimethylsilylamido ligand [N(SiMe3)2]~.^ ^ The /rw-trimethylsilylamido 
1 7 
Z)/5-trimethylsilylamido ligand [N(SiMe3)2] 一尸 The /rw-trimethylsilylamido 
monochloro zirconium(IV) and hafnium(IV) counterparts were also prepared by 
Andersen four years later. The latter chloro amides are kinetically stable and, 
surprisingly, inert towards substitution reactions. They are only reactive towards 
methyllithium (Equation 2-7)." 
M = Ti, Zr or Hf 
MCI4 + 4Li(NSiMe3)2 • M[N(SiMe3)2]3CI + 3 LiCI 
M = Zr or Hf 
M[N(SiMe3)2]3CI + MeLi • M[N(SiMe3)2]3Me + LiCI 
Equation 2-7 
It was until 1988 that Chisholm and co-workers have structurally 
characterized the dimeric tetrakisdimethylamido zirconium(IV) complex 
[Zr(NMe2)30-NMe2)]2 and its dimethylamido lithium adduct (Chart 2-1).^'' 
M e M e 
Me Me Mp \ / ^ M e 
T a / V z Z 、 _ L i 效 Z 、 一 HF) 
m / Me M e , / 
M e M e 
Chischole et al.拟 
Chart 2-1 
Few years later, by employing a silyl-related tetradentate triamido ligand 
[(Me3SiNCH2CH2)3N]3-, Schrock and co-workers have prepared the monochloro 
titanium(IV) amide, [ClTi{(Me3SiNCH2CH2)3N}] (Chart 2-2).' ' 
In 1993，by developing a polyfunctional amido ligand, Gade et al. have 
prepared and structurally characterized a five-coordinate titanium(IV) amido halides 
containing a tripodal ligand with two amido and one pyridyl nitrogen donors? 
Afterwards, mixed chloro(dialkylamido) complexes [Zr(NMe2)2Cl2(THF)2]， 
[Zr(NEt2)2Cl2(THF)2] and [Hf(NMe2)2Cl2(THF)2] have also been reported by Kempe 
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and co-workers. The compounds are mononuclear and adopt an octahedral 
geometry (Chart 2—2)， 
SiMes f， 
N < Z W ^ 9" 
CL / / 4 y THR,,. ,��THF 
Me3Si-N^\ J M e s S i V r 
MeaSi^  X u 
Me'Si X = ClorBr m = S ^ m" 
M = Hf; R = M e 
Schrock et al.^' Gade et al.劝 Kempe et a/.^ ® 
Chart 2-2 
Since 1996，titanium(IV) and zirconium(IV) complexes that consist of alkyl， 
aryl and silyl-substituted aminopyridinato ligands have been reported by Kempe and 
co-workers.'^' The compounds are monomeric and either six or 
seven-coordinate. Some representative examples are illustrated in Chart 2-3. 
R' O CI A n Me3Si R ^ ^ 
I VV.^'^V^ /A A SiMes 入 N ^ 
‘ U U C I � • M e 3 S r N � 
R/R' = Me/NMez or Ph/CI R = Me or Ph R = NEtg or CI R = CI. Me or Ph 
Kempe ef a/.15’24’37-38 
Chart 2-3 
Recently, using the [N(SiMe3)(2-C5H3N-6-Me)]~ ligand, dimeric amido and 
tris-amido complexes of titanium(IV) and zirconium(IV), 
[{N(SiMe3)(2—C5H3N~6"Me)}TiCl3]2 and [{N(SiMe3)(2-C5H3N-6-Me)}3MCl] (M = 
Ti or Zr), have also been prepared by Junk et al (Chart 2-A)?^ 
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A 
\ Me N N 
M ; ^ � , . [ � C I , , . ? l . ‘ � � b M e 3 S � 二 
例 、 个 r \ : o 
W CI CI siMea I J ” ^ ^ \ ^^Me SiMeg 
M = Ti orZr 
Junk et a/.39 
Chart 2-4 
In addition, phenyl(2-pyridyl)amido complexes of zirconium(IV) and 
hafnium(IV) counterparts have also been reported by Polamo et al. (Chart 2-5).26’4� 
C h : CI X ) P h �义N ' P h 
" X / 卜 z V � p h f V ^ N " 
6 〜 A d 、 令 � h 
Polamo efa/.26_4o 
Chart 2-5 
Apart from monoanionic pyridyl ligands, by employing siloxane-bridged and 
ferrocene-bridged bis-pyridyl ligands, corresponding titamum(IV) complexes have 
also been prepared by Kempe et al. (Chart 2-6)/'"''^ 
R R 
R . O 八 \l Q 
R.，\si之y , - 2 會 S i 力 � R 
/ T i — C I ： z T C 
‘：® /NZ牛、R. 
R R 
R/R_ = Me/Me; R = NMe2； 
R/R' = Me/'Pr R_ = NMe2 or CI 
Kempe et 
Chart 2-6 
Using the rigid pyridyl diamido ligand [2,6-{(SiMe3)ArNCH2}2C5H3N]^- (Ar 
=2,6-Me2-C6H3, 2,6-'Pr2-C6H3 or 2,6-Et2-C6H3), McConville et al have prepared 
chloro and alkyl complexes of titanium(IV) and zirconium(IV).^'' Moreover, by 
2 0 
employing chelating diamido ligands [ArN(CH2)3NAr]2_ (Ar = 2,6-Me2-C6H3 or 
2,6-'Pr-C6H3), the same research group has also prepared the alkyl complexes of 
titanium(IV), which have been proved to be efficient catalysts in living 
polymerization of a-olefins (Chart 2-7)." 
Ar Ar Ar 
厂N' 厂N' I 
/=< \ ,�R /=< \ ,�R 广 V��R 
C f y � i ^ 7 、 R V / ' - R 
Ar Ar Ar 
Ar = 2,6-Me2-C6H3 or a.B-'Pr-CeHs； Ar = 2.6-Me2-C6H3,2,6-Et2-C6H3 or Ar = Z.e-Mej-CeHs or 2.6-'Pr-C6H3； 
R/R, = CI/CI, Me/Me, Cl/Cp, CI/CHaPh, Z.e-'Pr-CeHg； R = CI. M e or CHzPh 
CI/CH2SiMe3, Cl/CH2CMe2Ph, R = CI or M e 
CH2Ph/CH2Ph. CH2SiMe3/CH2SiMe3 
McConville ef a/.®c’ii‘43 
Chart 2-7 
In 1999，Lappert and co-workers have synthesized and structurally 
characterized a series of novel zirconium(IV) and hafhium(IV) complexes derived 
from monoanionic 2-pyridyl- and 2-quinolyl- substituted 1-azaallyl ligands, which 
include diamido complexes [Zr{N(SiMe3)C(R)C(R')(C5H4N-2)}2Cl2] (R/R’ = 'Bu/H, 
Ph/H, or Ph/SiMes), [Zr{N(SiMe3)C(Ph)C(R)(C9H6N-2)}2Cl2] (R = H or SiMes) and 
[Hf{N(SiMe3)C('Bu)CH(C5H4N-2)}2Cl2]， (Chart 2-8) and the 
mono(l-azaallyl)zirconium trichlorides [Zr{N(SiMe3)C(R)C(R')(C5H4N-2)}Cl3] 
(R/R, = 'Bu/H or Ph/SiMes) and [Zr{N(SiMe3)C(Ph)C(SiMe3)(C9H6N-2)}Cl3].'8a 
Me3Si J n 
/ = < ^ N - S i M e 3 .S iMeiM SiMes 
Measr \ r j y 
R R ph 
M = Zr; R/R_ = Ph/H, Ph/SiMeg or 'Bu/H 
M = Hf; R/R' = teu/H 
Lappert et a/.^ ®' 
Chart 2-8 
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By employing monoanionic 7V~Adamantyl—2—aminopyridinato ligand [L]" asd, 
Scott and co-workers have prepared diamido zirconium complexes of the type 
[ZTL2X2] (X = CI, NMe2, CH2Ph or CH2^Bu). The ligand provides a better control 
on metal to ligand stoichiometry (Chart Using biaryl ^w-aminopyridinato 
ligand, the same research group has also prepared the corresponding titanium(IV) 
diamides. 
R = H or Me; „ 
_ , R = CI, Me or CHoPh 
X = CI. NMe2. CIVBu or CHzPh 
Scott et a / . � 4 6 
Chart 2-9 
Schrock et al have prepared and structurally characterized dialkyl 
zirconium(IV) and hafnium(IV) complexes supported by the polydentate arylated 
diamido ligands [(Me)C(2-C5H4N)(CH2NAr)2]^" (Ar = 2,4,6-Me3C6H2 [MesNpy]^" 
or 2,4,6-'Pr3C6H2 [TripNpyf")，-]^^ The [(MesNpy)Zr('Bu)2] and [(MesNpy)Hf('Bu)2] 
complexes have been proved to be active initiators for the living polymerization of 
1-hexene when activated with tris(pentafluoro)phenylborane.^°'' Very recently, 
Schrock and co-workers has reported the development of a diamido ligand substituted 
with hexaisopropylterhenyl groups [HIPTN�]】—？®" Chloro and alkyl Group 4 amido 
complexes of the type [M(HIPTN)2R2] (M = Ti, R = NMez； M = Zr or Hf, R = NMe:， 
CI, Me or CHaCMe�) have also been successfully prepared (Chart 2-10).^ °' 
2 2 
Ar R, P V ^ 
M = Zr or Hf; 、 ^ 
Ar = 2.4,6-Me3-C6H2 or 2,4,6-'>「3-〇6日2; M = Ti, R = NMe2； 
R/R- = CI, Me or 'Bu M = Zr or Hf; R = NMe2, CI. Me or CHpCMes 
Schrock et a/.20«'-20c,20« 
Chart 2-10 
Recently, by employing the chelating TV；A^  -Z7/5(silylated) 1,2-benzenediamido 
ligand [ 1,2-{NSiMe2(CH=CH2)}2C6H4]^~, Lappert and co-workers have prepared the 
dimeric chloro-bridged titanium(IV) and zirconium(IV) complexes 
[MCl{l,2-(NSiMe2Vi)2C6H4}(//-Cl)(THF)]2 (M = Ti or Zr; Vi = C H C H 2 ) and the 
five-coordinate amido-bridged dimeric zirconium(IV) analogue 
[Zr(NMe2)(l，2"(NSiMe2Vi)2C6H4}C«-NMe2)]2.丨8b In addition, the same research 
group has also prepared dinuclear open-chain zirconium(IV) amide supported by the 
diamido ligand [1,3-(CH2NC6H3Me2)2C6H4]^~ in which the two zirconium atoms are 
trans to each other and bridged by a [N(2，6~R2C6H3)CH2C]2CH moiety. A dinuclear 
marcocyclic zirconium(IV) amide has also been prepared by stoichiometric reaction 
between [Zr(NMe2)3C"-NMe2)]2 and the [1,3-(CH2NC6H3Me2)2C6H4]^" ligand (Chart 
2-1IV' 
2 3 
R R R M e Me r 
I, CI T H F I I \ / N M e 2 I 
( T V N � I ,,,����CI,,,„•. \ ‘ � � N v ^ f T V N � z N \ \ / N ^ ^ 
y M � ^ M Zr� Z^r 
I T H F CI I I N M e z N V 
R R R , , / R 
M e Me 
M = Ti or Zr; 
R = SiMe2CH=CH2 R = SiMe2CH=CH2 
R Zr(NMe,)3 V n ^ ^ ^ ^ n V 
/ = \ / Me / \ Me 
/ R Me \ . / Me 
Zr(NMe2)3 ； 
R = Me or 'Pr V/^Me 
Lappert18b. 47 
Chart 2-11 
Using the new and versatile tetradentate diamide-Kiiamine ligand 
[(2-NC5H4)CH2N(CH2CH2NSiMe2R)2]2- (R = Me or 'Bu) [NzNN']^" Mountford et al 
have prepared a series of neutral and single-bonded complexes of the Group 4 metals, 
including [MRR'CNzNN')] (M = Zr; R/R' = Cl/CHzPh，Cl/CHzSiMes, Me/CHzPh or 
NH'Bu/Py; R = R' = CI, NMes, Me, CHsPh, CHzCMes or NH'Bu; M = Hf; R = R ' = 
CI). Multiply-bonded titanium(IV) and zirconium(IV) imido complexes 
[M(N2NN')NR] (M = Ti, R = 'Bu or 2，6~'Pr2C6H3; M = Zr; R = 2,6-'Pr2C6H3N), and 
the cationic [Zr(N2NN,)(CH2CH2NSiMe2CH2)]+ have also been reported by the same 
research group (Chart 2-12)/®"^ ° 
2 4 
M e 3 S i \ N R ' B u M e g S i ^ ^ 
M = Zr; R/R" = CI/CH2Ph. CI/CHaSiMea, Me/CHzPh or NHfeu/Py; 
M = Zr; R = R' = CI, NMe2, Me, CHzPh, CHzCMes or N H ' B u ; R = CI or NMe? 
M = Hf; R = R. = CI 
？ � T 
ll 广 H2C—气iMe2 
M = Ti, R = 'Bu or Z.S-'PrgCeHa； 




2.2 AIMS OF OUR STUDIES 
In the past decade, amido complexes of Group 4 transition metals have 
attracted much attention due to their applications in a variety of reactions, especially 
in the development of non-metallocene catalysts in olefin polymerization. Group 4 
metal amides exhibit prolific chemical structures such as monomeric, dimeric, 
trimeric, tetrameric, acyclic or cyclic.'®- 2°, 26’ 34’ 37^ 0.4? previous studies by other 
research groups have demonstrated that the chelating effect of pyridyl ligands which 
stabilize the corresponding homoleptic or heteroleptic Group 4 compounds such as 
[Ti(6-Me-TMS-Apy)Cl3]2'', [M(6-Me-TMS-Apy)3Cl] (M = Ti or Zx)^ 
[Zr(2—Ph—NC5H4N)2Cl2]2，26 and [Hf(2—Ph—NCsPLjN)*]， 
More recently, the sterically demanding 2-pyridyl amido ligand 
[N(SiBu'Me2)(2-C5H3N-6-Me)]~ ([L']")^' has been developed in our laboratory. In 
this part of our studies, we aimed to prepare Group 4 amido complexes supported by 
the ligand, and investigate the reactivity and properties of the corresponding 
compounds. 
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2.3 RESULTS AND DISCUSSION 
2.3.1 SYNTHESIS OF LIGAND PRECURSOR (HL') AND THE 
CORRESPONDING LITHIUM DERIVATIVE 
[Li(L^)(tmeda)] 
Preparative procedures of [HN(SiBu'Me2)(2-C5H3N-6-Me)] (HL') (1) and the 
corresponding lithium reagent [Li(L')(tmeda)] (2) have been described previously 
(Chart 2 - 1 3 ) , 
M e、 /“ \ ,Me 





The proligand 1 was employed to react with titanium(IV) halide directly as 
described in the following section while the lithium amide 2 was used as a 
ligand-transfer reagent to react with zirconium(IV) and hafmuin(IV) tetrachloride as 
described in the latter part of this chapter. 
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2.3.2 SYNTHESIS AND STRUCTURES OF MONOMERIC AND 
DIMERIC TITANIUM(IV) AMIDES 
2.3.2.1 Synthesis of [Ti(L^)Cl2(//-Cl)]2 (3) and [Ti(L^)Cl3(THF)] (4) 
In order to find an effective and possible way to synthesize Ti(IV) amido 
complexes, two different approaches have been employed. Firstly, synthesis of the 
dimeric trichloro Ti(IV) amido compound 3 has been achieved by direct reaction of 
anhydrous TiCU with one molar equivalent of the proligand 1 in diethyl ether solution 
at ambient temperature with elimination of HCl (Scheme 2-1). Compound 3 was 
obtained as shiny dark purple crystals in 36 % yield. 
CI f = { 
1 equiv. TiCU 。丨“、 C I / ,、、、N、S旧u'Mej 
Et20’ r.t., 12 h MezBu'SK N - ^ / ^ ' ^ ^ c i ^ l ' ^ C I 
}=N CI 
H O -
^^'^^^^SiBu'Mez 一 3 3 6 % 
1 o 
° S 旧 i/Me2 
(i) 1.5 equiv. KH, EtzO, r.t., 12 h CI', 、、N 
• ,'.Ti_.、、 \ _ . 
(ii) 1 equiv. TiCU, EtjO. r.t., 1 d c i ^ | 、 f / ^ 
(iii) Cystallized from THF/Hexane CI 
4 2 3 % 
Scheme 2-1 
On the other hand, synthesis of the mononuclear trichloro Ti(IV) amido 
compound 4 has been achieved by salt metathesis reaction of anhydrous TiCU with 
one molar equivalent of potassium amide KL^ (prepared by the reaction of compound 
1 with 1.5 molar equivalents of KH in Et20) in diethyl ether solution at ambient 
temperature (Scheme 2-2). The product was isolated from a THF/hexane (1:2) 
solvent mixture as dark red crystals in 23 % yield. In the absence of THF, a dark 
purple crystalline compound was obtained in low yield, which was confirmed by H^ 
NMR spectroscopy to be the dimeric compound 3. Both compounds 3 and 4 are 
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sensitive to air and moisture, and soluble in common organic solvents, but only 
sparingly soluble in hexane. 
Attempts to prepare monochloro Ti(IV) amide by the reaction of 
[TiCl4(THF)2] adduct with one molar equivalents of lithium amide 2 in diethyl ether 
afforded a dark red solution. However, attempts to isolate the product from the 
reaction mixture have been unsuccessful. Attmepts to prepare monochloro Ti(IV) 
amide by the reaction of TiCU with three molar equivalents of lithium amide 2 in 
diethyl ether were also unsuccessful (Scheme 2-2). 
X X ^ Et20 
Li + [TiCl4(THF)2] ———— • No isolable product 
/ \ 1 d 
2 
z 
E , 0 
o Li + TiCU • No isolable product 
3 / \ r.t” 1 d 
2 
Scheme 2-2 
Attempts to prepare a monochloro Ti(IV) triamide by the reaction of TiCU 
with three molar equivalents of [KL^] in diethyl ether gave a dark red solution. 
Upon filtration and removal of all the volatiles, dark red residue was extracted with a 
solvent mixture of THF/hexane (1:2), a dark red crystalline compound was then 
obtained upon filtration and concentration, which was confirmed by X-ray analysis to 
be compound 4 (Scheme 2-3). 
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M iJ ^ ^ S 旧 i/Me2 
SiBu'Mez (i)1.5equiv. KH, EtgO, r.t., 1 2 h ^ C k , | ,、、、N' 
^ ^ (ii) 1/3 equiv. TiCU, EtzO, r.t. 1 (T C l ^ j ' ^ N ^ ^ 
1 (iii) Crystallized from THF/Hexane CI ^ ^ ^ 
4 
Scheme 2-3 
Moreover, we anticipated that Ti(IV) diamido complex could be prepared by 
replacement of a chloride ligand on compound 3 by another L^  ligand. Reaction of 3 
with one molar equivalents of the potassium amide [KL^(tmeda)]2" afforded a dark 
red turbid solution. However, attempts to isolate the reaction products have been 
unsuccessful (Scheme 2-4). 
CI K 
CI',, C I , I ,��N�S®uWe2 1 equiv. [KLi(tmecJa)�2 
• No isolable product 
MezBu'Si-,^^/ ^ ^ C l * ^ ^ CI Et20, r.t., 1 d 
> = N CI 
Scheme 2-4 
The synthesis of the Ti(IV) amide 3 by direct synthesis (HCl elimination) is 
a rather clean, more convenient and effective route with higher production yield and 
fewer side products generated as compared to salt metathesis reaction. Moreover, 
although monochloro Zr(IV) and Hf(IV) triamides have been successfully synthesized 
in our laboratory,"^ preparation of monochloro Ti(rV) triamide via both synthetic 
routes have been unsuccessful. 
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2.3.2.2 Reactivity Studies 
1. Reaction of Compound 3 with Methyl Lithium 
Attempts to cleave the dimeric structure of 3 by replacing a chloride ligand with 
a methyl ligand have been unsuccessful (Scheme 2-5). Treatment of 3 with MeLi in 
diethyl ether for 2 hours afforded a black solution. Removal of all the volatiles from 
the solution in vacuo gave a black sticky solid. Failure to prepare the desired methyl 
complex may be due to the strongly reducing nature of LiMe and the low stability of 
the intermediate oxidation state of the titanium metal center. 
- o 
CI p 
C\',„ ,、、、CII .,.、、、N、S旧—2 2.2 equiv. LiMe 
；.Ti^ ^ T i ： ^ • Black sticky solid 
MezBu'Si^^^/ ^ c r I Et20, r.t. 2 h 
> = N CI 
3 
Scheme 2-5 
2. Reaction of Compound 3 with Pyridine 
It is believed that the dimeric structure of 3 can be cleaved by employing a donor 
reagent such as pyridine to give a product with a structure similar to that of 4. 
Treatment of 3 with pyridine in diethyl ether for 12 hours afforded a dark purple 
solution (Scheme 2-6). The resulting reaction mixture became turbid upon 
concentration, and attempts to isolate the reaction product from the resulting mixture 
have been unsuccessful. 
o 
CI p 
CI'''' C I J , , > � � N � S B u W 2 2.2 equiv. Pyridine 
, ^ T i ^ • No isolable product 
MezBu知、N,/ C r * ^ CI EtzO, r.t.’ 12 h 





3. Reaction of Compound 4 with LiCH2(SiMe3) 
We anticipated that replacement of the chloride ligand in 4 can be achieved by 
using an alkyl ligand such as [CH2(SiMe3)]"~. Treatment of 4 with LiCH2(SiMe3) in 
diethyl ether for 1 day gave a turbid dark purple-red solution (Scheme 2-7). 
Unfortunately, attempts to isolate any reaction product have also been unsuccessful. 
Failure of this substitution reaction may be attributed to the low stability of the 
desired titanium(IV) alkyl species. 
g 
o S i B u ' M e z 
CI 1 equiv. UCH2(SiMe3) 
^Ti^' ) N , • No isolable product 





2.3.2.3 Physical Characterization of Compounds 3 and 4 
Compounds 3 and 4 have been characterized by 'H and ^^ C NMR 
spectroscopy, mass spectrometry (E. I. 70 eV), elemental analysis and melting-point 
measurement, in addition to single-crystal X-Ray diffraction studies. Table 2-1 
lists some physical properties of compounds 3 and 4. 
Table 2-1. Some Physical Properties of Compounds 3 and 4. 
Compound Yield (%) Color M.p. (°C) 
3 36 Shiny dark purple crystals 131-138 (dec.) 
4 23 Dark red crystals 114-119 (dec.) 
The 1h and ^^ C NMR spectral data for compounds 3-4 and 8-9 are listed 
in Table 2-2. Since compound 3 has a binuclear and symmetrical structure while 
compound 4 is mononuclear with one L^  ligand coordinated to each of Ti(IV) metal 
center. Both compounds show only one set of H^ and ^^ C NMR signals. 
The H^ NMR spectra show one singlet peak at 0.33 and 0.46 ppm for 
compound 3 and 4，respectively, which is assignable to the two Me substituents of the 
SiBu'Me2 group. This singlet peak suggests that the two Me substituents on 
SiBu'Me2 group are magnetically equivalent. The singlet resonances at 0.95 and 
1.08 ppm for 3 and 4，respectively, are due to the tert-h\ity\ group. The broad 
resonances at 1.30 and 3.89 ppm for 4 are due to the THF ligand molecule. The 
6-Me protons on the pyridine ring of 3 and 4 occur as a singlet at 2.30 and 2.49 ppm, 
respectively. Two resonance signals due to the pyridyl protons are observed for 
compound 3 at 5.90—6.74 ppm, while three resonances signals are observed for 
compound 4 at 5.87-6.84 ppm. The expected positions of three pyridyl protons are 
3 3 
rationalized by the delocalization of the negative charge from the amido nitrogen to 
the pyridyl ring." 
Two resonances at -1.01 and -1.03 ppm in the ^^C{H}NMR spectra of 
compounds 3 and 4，respectively, are assignable to the SiMe2 groups. The two Me 
groups are magnetically equivalent. The resonances at 20.8 and 21.2 ppm for 
compounds 3 and 4 are due to the quaternary carbon on the SiBu'Me: group. The 
low intensity signals of the quaternary carbon are attributed to their slow relaxation 
rate. The 6-Me carbon on the pyridine ring of compounds 3 and 4 occur as a singlet 
at 21.2 and 22.1 ppm, respectively. The resonances at 27.2 and 27.4 ppm for 3 and 4 
are due to the tert-huty\ group. For compound 4, the resonances at 25.5 and 72.6 
ppm are due to the THF ligand molecule. The pyridyl carbons appear as resonances 
at 106.2-160.3 ppm for compound 3 and 107.6-163.1 ppm for compound 4. 
No molecular ion peaks [M]+ at miz = 751 and 448 were observed in the 
mass spectrum of compound 3 and 4，respectively. For compound 3, only 
fragmentation peaks such as [Ti(L')Cl3-BuT (319, 9 %), [Ti(L^)Cl3-Bu'-Cl]^ (283，5 
%) and [ i J 一 ( 1 6 5 , 100 %) were observed. On the other hand, fragmentation 
peaks due to [M-Bu'-Cl-(THF)]^ (283，3 %) and [L^-Bu^ (165, 100 %) were 
observed for compound 4. 
Results of elemental analysis for compound 3 were consistent with its 
empirical formula. However, results of elemental analysis for compound 4 were 
inconsistent with its empirical formula. This may due to a contamination of the 


































































































































































































































































































































































2.3.2.4 Molecular Structures of Compounds 3 and 4 
1. Molecular Structure of Compound 3 
The molecular structure of compound 3 with the atom numbering scheme is 
depicted in Figure 2-1. Selected bond length (A) and angles (deg) are listed in Table 
2-3. 
Compound 3 crystallizes in an orthorhombic crystal system with the space group 
Pca2\, The title compound consists of two six-coordinate titanium metal centers 
which has a distorted octahedral environment. The two metal atoms are linked by a 
pair of bridging chloride atoms, and coordinated to two terminal chloride atoms and 
one A/； A/‘'-chelating V ligand. 
For each titanium center in 3，the amido nitrogen atoms [N(l) or N(3)]，one of 
the terminal chloride atoms [Cl(2) or Cl(6)], and the two bridging chloride atoms 
[Cl(3) and Cl(4)] define the equatorial plane [sum of the bond angle around Ti( l )= 
357 .08�and around Ti(2) = 357.18�] . The axial positions are occupied by the 
remaining terminal chloride atoms [Cl(l) or Cl(5)] and the pyridyl nitrogens [N(2) or 
N(4)] [Cl(l)-Ti-N(2) bond angle = 1 6 7 . 7 5 ( 9 ) � a n d Cl(5)-Ti-N(4) bond angle 
=167.26(9)�]• Due to the strained ？/ -^coordination mode of the L^  ligand, an ideal 
octahedral arrangement cannot be achieved. 
The two titanium atoms and the two bridging chloride atoms [Cl(3) and Cl(4)] 
form a square planar TizCl� structural motif. When comparing with other 
monomeric Ti(IV) amides, the Ti -Namido bond distances of 1.929(3)-l.937(3) A in 3 
are comparable to 1.931(3)-1.939(3) A in the four-coordinate 
[Ti{N(SiMe3)2}2(CH2Ph)2:r and marginally longer than those of 1.897(2)-1.924(2) A 
in [Ti(NMe2)4].55 They are longer than those of 1.86(1)-1.87(1) A in the cationic 
[Ti(NMe2)3(Py)2]+，56l.888(3)~l.892(3) A in [Ti(Cy2N)2Me2]，9b 1.839(5)~1.856(5) A 
in [Ti{ArN(CH2)3NAr}Cl2]，"a 1.842(9) A in [Ti{CH(2-Py)(CH2NSiMe3)2}Br2],'' 
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However, it is shorter than those of 1.961(3)-2.006(3) A in [Ti{NPh(2-Py)}2Cl2]尸 
1.962(6)-1.989(7) A and 1.966(5) A, respectively, in the anionic [Ti(NSiMe3)2Cl2]"'°^ 
and [Ti {NPh(2-Py)} CU]"." Furthermore, they are much shorter than those of 
1.983(2)-2.025(2) A in [ T i { M e C ( 2 - P y ) ( C H 2 N S i M e 3 ) 2 } 2 . 0 0 4 ( 2 ) - 2 . 0 1 2 ( 2 ) 
A in [Ti{NMe(2-Py)}3Cl]," 2.007(4)-2.101(4) A in [Ti{NPh(2-Py)}2(NMe2)Cl]," 
2.073(3) A in [Ti{NSiMe3(2-Py-4-Me)}(NMe2)(HNMe2)Cl2],'' 2.031(3)-2.096(3) A 
in [Ti{NSiMe3(2-Py-4-Me)}2(NMe2)Cl]," and the averaged T i -Namido bond distance 
of 2.02 A in seven-coordinate [Ti{NSiMe3(2-Py-6-Me)}3Cl].^^ When comparing 
with dimeric Ti(IV) amides, they are somewhat similar with those of 1.928(6) and 
1.949(3) 人， respectively, in the six-coordinate 
[Ti {NSiMe3(2-Py-6-Me)} Cl2C"-Cl)]2'' and [Ti{NPh(2-Py)}Cb]2.23 On the other 
hand, they are significantly longer than those of 1.827(5)-1.907(4)人 in the octameric 
[Ti(NSiMe3)Cl2]8.59 
The Ti-Npyridyi distances of 2.171 (2)-2.172(2) A in 3 are marginally shorter than 
that of 2.189(5) A in the anionic [Ti{NPh(2-Py)}Cl4]~ " and are much shorter than 
those of 2.183(2)-2.204(2) A in [Ti{NMe(2-Py)}3Cl]," and the averaged Ti-Npyridyi 
bond distance of 2.25 A in [Ti{NSiMe3(2-Py-6-Me)}3CI]On the contrary, they 
are slightly longer than the corresponding distance of 2.156(3) A in 
[Ti{NPh(2-Py)}Cl3]2，23 2.148(7) A in [Ti{NSiMe3(2-Py-6-Me)}CbO-COJz,'' and 
significantly longer than that of 2.107(3) A in 
[Ti {NSiMe3(2-Py-4-Me)} (NHMe2)(NMe2)Cl2] 
The asymmetric Ti-Clbridged bond distances of 2.477(1)-2.500(1) A in 3 is 
comparable to the corresponding distances of 2.473(2)-2.507(2) A in 
[Ti{NSiMe3(2-Py—6~Me)}Cl20-Cl)]2.39 However, they are longer than those of 
2.398(2)-2.573(2) A in [Ti(NSiMe3)Cl2]8,'' 2.415(2)-2.436(2) A in 
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[Ti(NCy2)2C"-Cl)Li(tmeda)],54 2.413(l)-2.550(2) A in dimeric 
[Ti{NPh(2-Py)}Cl3]2.23 
The Ti-Clterminai bond distances of 2.218(1)-2.270(1) A in 3 are comparable to 
those of 2.197(1)-2.225(1) A in the anionic [TizClg]—/�2.211(2)-2.220(2) A in the 
octameric [Ti(NSiMe3)Cl2]8,'' 2.231(1 )-2.235(2) A in the dimeric 
[Ti{NPh(2-Py)}Cl3]2’23 2.240(2)-2.257(2) A in [Ti {ArN(CH2)3NAr} 2CI2]."" 
However, they are marginally shorter than those of 2.255(1)-2.319(1) A in 
[Ti{NPh(2—Py)hCl2]，23 while shorter than those of 2.317(1)-2.334(1) A in 
[Ti{NSiMe3(2—Py"4"Me)}(NHMe2)(NMe2)Cl2]，i5 2.238(2)-2.384(2) A in the anionic 
[Ti{NPh(2-Py)}Cl4]~" 2.338(3)-2.354(3) A in [Ti(NSiMe3)2Cl2]"2.3492(7)， 
2.3512(8) and 2.324(1) A， respectively, in [Ti{NMe(2-Py)}3Cl]," 
[Ti{NMe(2-Py)}2(NMe2)Cl]," and [Ti{NSiMe3(2-Py-4-Me)}2(NMe2)Cl]." 





C4 OS , 5 0 ^ 3 
Figure 2-1. Molecular Structure of [Ti(L^)Cl2 (/i-CI)]�(3). 
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Table 2-3. Selected Bond Distances (A) and Angles (deg) for Compound 3 
[Ti(L^)Cl2(//-Cl)]2 (3) 
Ti(l)-N(l) 1.929(3) Ti(2)-N(3) 1.937(3) 
Ti(l)-N(2) 2.172(2) Ti(2)-N(4) 2.171(2) 
Ti(l)-Cl(l) 2.219(1) Ti(2)-Cl(5) 2.222(1) 
Ti(l)-Cl(2) 2.268(1) Ti(2)-Cl(6) 2.271(1) 
Ti(l)-Cl(3) 2.481(1) Ti(2)-Cl(3) 2.500(1) 
Ti(l)-Cl(4) 2.497(1) Ti(2)-Cl(4) 2.477(1) 
Si(l)-N(l) 1.794(3) Si(2)-N(3) 1.787(3) 
N( l ) -C( l ) 1.385(4) N(3)-C(13) 1.387(4) 
N(2)-C(l) 1.362(5) N(4)-C(13) 1.357(4) 
N(l)-Ti(l)-N(2) 65.7(1) N(3) - Ti(2)-N(4) 65.7(1) 
N(l)-Ti(l) - CI(2) 101.88(9) N(3) - Ti(2) - Cl(3) 86.99(9) 
N( 1) - Ti( 1) - Cl(4) 87.98(8) N(3) - Ti(2) — Cl(6) 102.77(9) 
N(2) - T i ( l ) - C l ( l ) 167.75(9) N(4) - Ti(2) - Cl(5) 167.26(9) 
Cl(2) - Ti(l) - Cl(3) 89.40(4) Cl(4) - Ti(2) - Cl(6) 89.57(4) 
Cl(3) 一 Ti(l) - Cl(4) 77.82(3) Cl(3) - Ti(2) - Cl(4) 77.85(3) 
T i ( l ) -N( l ) -C( l ) 97.5(2) Ti(2)-N(3)-C(13) 96.8(2) 
Ti( l)-N(2)-C(l) 87.7(2) Ti(2)-N(4) - C(13) 87.6(2) 
C( l ) -N( l ) -S i ( l ) 124.9(2) C(13)-N(3)-Si(2) 125.6(2) 
Ti(l)- Cl(3) - Ti(2) 102.07(4) Ti(2) - Cl(4) - Ti(l) 102.27(4) 
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2. Molecular Structure of Compound 4 
The molecular structure of compound 4 with the atom numbering scheme is 
depicted in Figure 2-2. Selected bond length (人）and angles (deg) are listed in Table 
2-4. 
Compound 4 crystallizes in a monoclinic crystal system with the space group 
P2\/n. Compared to complex 3, the title compound is monomeric in the solid state 
which has no bridging chloride atom. The titanium metal center in 4 is bounded by 
one '-chelating L^  ligand, three terminal chloride atoms and one THF ligand. 
The coordination sphere around the Ti atom is pseudo-octahedral, with the amido and 
pyridyl nitrogens N(l) and N(2), together with two terminal chlorides Cl(l) and Cl(3) 
defining a square plane [sum of bond angles = 359.2 The THF ligand and the 
remaining chloride atom Cl(2) are trans to each other with 0(1)-Ti( l )-Cl(2)= 
176.55(9)�• In the present complex, the N(l)-Ti-N(2) bite angle of 64.9(1) ° is 
comparable to those of 3 [N(l)-Ti(l)-N(2) = 65.7(1)�and N(3)-Ti(2)-N(4) = 65.8(1) 
The Ti-Namido bond distance of 1.983(3) A in 4 is longer than those of 
1.929(3)-1.937(3) A in 3. The Ti-Namido bond length of 4 is slightly longer than 
those of 1.931(3)-1.939(3) A in [Ti{N(SiMe3)2}2(CH2Ph)2]54 and 1.897(2)~1.924(2) 
A in [Ti(NMe2)4].55 When comparing with other six-coordinate monomeric Ti(IV) 
amides, it is somewhat similar to those of 1.961 (3)—2.006(3) A in 
[Ti{NPh(2-Py)}2Cl2]," but significantly shorter than those of 2.073(3) A in 
[Ti{NSiMe3(2-Py-4-Me)}(NMe2)(HNMe2)Cl2],'' 2.031 (3)-2.096(3) A in 
[Ti{NSiMe3(2-Py-4-Me)}2(NMe2)Cl2]," 2.113(5) A in 
[Ti{NPh(2-Py)}Cl2(THF)2].23 When comparing with dimeric and octameric Ti(IV) 
amides, it is longer than that of 1.949(3) A in [Ti{NPh(2-Py)}Cl3]2'' and significantly 
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longer than those of 1.928(6) and 1.827(5)-1.907(4) A in 
[Ti{NSiMe3(2-Py-6-Me)}Cl2(//-Cl)]2'' and [TiCNSiMesjCbV' respectively. 
The Ti-Npyridyi bond distance of 2.174(3) A in 4 is comparable to the 
corresponding distances of 2.171(2)-2.172(2) A in 3, and is marginally shorter than 
that of 2.189(5) A in the anionic [Ti{NPh(2-Py)}Cl4]"" but slightly longer than those 
of 2.160(5) and 2.156(3) A, respectively, in the six-coordinate 
[Ti{NPh(2-Py)}Cl2(THF)2:P and [Ti{NPh(2-Py)}Cl3]2.'' Moreover, it is 
significantly longer than that of 2.107(3) A in 
[Ti {NSiMe3(2-Py本Me)} _Me2)(NMe2)Cl2].” 
The Ti-Cltermina] bond distances of 2.256(1)-2.311(1) A in 4 are comparable to 
those of 2.255(1)-2.319(1) A in [Ti{NPh(2-Py)}2Cy but slightly longer than the 
corresponding distances of 2.218(1)-2.270(1) A in 3. However, they are shorter 
than those of 2.324(2>-2.346(2) A in [Ti{NPh(2—Py)}Cl2(THF)2]，23 2.3492(7) A in 
[Ti{NMe(2-Py)}3Cl],37 2.3512(8) A in [Ti{NMe(2-Py)}2(NMe2)Cl]" and 2.4191(9) 
A in [Ti{NSiMe3(2-Py-6~Me)}3Cl].39 
4 2 
C8 
C16 CM ⑴ 
Figure 2-2. Molecular Structure of [Ti(L^)Cl3(THF)] (4). 
Table 2-4. Selected Bond Distances ( A ) and Angles (deg) for Compound 4 
[Ti(Li)Cl3(THF)�(4) 
Ti(l)-N(l) 2.174(3) Ti-Cl(l) 2.311(1) 
Ti(l)-N(2) 1.983(3) Ti-Cl(2) 2.278(1) 
Ti-O(l) 2.153(3) Ti-Cl(3) 2.256(1) 
N(l)-Ti(l)-N(2) 64.9(1) Ti(l)-N(l) - C(6) 88.4(2) 
N(l)-Ti( l)-Cl( l) 93.07(9) Ti(l)-N(2) - C(6) 96.0(2) 
N(l)-Ti(l)-Cl(3) 165.84(9) N(l)-C(6)-N(2) 108.9(3) 
N(2) - Ti(l) 一 Cl(l) 155.7(1) Ti(l)-N(2) - Si(l) 138.0(2) 
N(2) - Ti(l) 一 Cl(3) 101.24(9) 0(1) - Ti(l) - Cl(2) 176.55(9) 
Cl(l)-Ti(l)-Cl(3) 100.01(5) 
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2.3.3 SYNTHESIS AND STRUCTURES OF MONONUCLEAR 
ZIRCONIUM(IV) AND HAFNIUM(IV) AMIDES 
In the previous section, the synthesis and structural studies of mononuclear 
and dinulcear titanium(IV) trichloro complexes supported by the L' ligand have been 
described. In the following section, synthesis and reactivity studies of the 
zirconium(IV) and hafnium(IV) counterparts will be described. 
2.3.3.1 Synthesis of [M(L )^3C1] (M = Zr5 and Hf 6)"" 
The mononchloro zirconium(IV) and hafnium(IV) amido complexes have 
been synthesized by the salt metathesis reaction of anhydrous metal(IV) chloride 
MCI4 (M = Zr or Hf) with three molar equivalents of the lithium amide 2 in diethyl 
ether at ambient temperature (Scheme 2-8)."^ The synthetic method was developed 
previously by our research group."^ 
/~\ MesBu'Si, j T A 
>D< / 1 
X / Et20 frk •�� 
3 Li + MCI4 《N1,,,. M -—CI 
4 \ r.t, 1 d \ w / X , 
/ V, \ / : N-SiBu'Mez 
2 M= Zr (63%) 
Hf (54 %) 6"b 
Scheme 2-8 
Attempts to synthesize dichloro zirconium(IV) diamide by the reaction of 
two equivalents of compound 2 with anhydrous ZrCU in diethyl ether have been 
unsuccessful (Scheme 2-9). Only an air-sensitive yellow intractable oil has been 
obtained after the reaction. 
4 4 
Z \ 广 Et^ O 
2 Li + ZrCU ^ Yellow intractable oil 
H \ r.t.,1d 




2.3.3.2 Reactivity Studies of Compound 5 
1. Reaction of Compound 5 with Lithium Amide 
Since the propeller-like arrangement of the three 2-pyridyl ligands in compound 
5 and 6 provides a sterically well-protected reactive pocket, we anticipated that 
replacement of the chloride ligand in compound 5 by other ligands may yield the 
corresponding mixed-ligand complexes. Attempted ligand substitution reaction of 
compound 5 with one molar equivalent of in-situ prepared [NHBu']~ ligand in 
refluxing toluene for 2 hours afforded a pale yellow crystalline compound, which 
have been confirmed by 'H NMR characterization to be the starting material (Scheme 
2-10). It is believed that the [NHBii']_ ligand may be too bulky to react with 
compound 5. 
Me2Bu�Si� J T S 」 , 
r - \ I / 1 equiv. LiNHBu' 
U N Tx- CI • No reaction 
\ = / ^ i X , Toluene, A , 2 h 
\ f \ N - S 旧 u'Me2 
,N __/ 
Me2Bu'Si _ / / � 
5 
Scheme 2-10 
2. Reaction of Compound 5 with Sodium Methoxide 
Attempted ligand substitution reaction of compound 5 with one molar equivalent 
sodium methoxide in hexane for 1 day afforded a pale yellow crystalline product, 
4 5 




n - \ 1 ,、 1 equiv. NaOMe 
([ N Zf CI • No reaction 
\ = l y , Hexane, r.t., 1 d i N-S旧美2 N fg_/ 
MejBu'Si' _// ^ 
5 
Scheme 2-11 
3. Reaction of Compound 5 with Sodium Tetraphenylborate 
Attempted abstraction of the chloride ligand in compound 5 using sodium 
tetraphenylborate has been unsuccessful (Scheme 2-12). Treatment of a yellow 
solution of compound 5 with one molar equivalent of NaBPh4 in THF afforded a 
turbid yellow solution. Attempts to isolate the products from the reaction mixture 
have been unsuccessful. 
Me2Bu'SU ir\ 
� 
n-\ I ,��� 1 equiv. NaBPh* 
《 N _ " . . . " Z r - ~ C I • No isolable product 




4. Reaction of Compound 5 with Silver Triflate 
Attempted abstraction of the chloride ligand in compound 5 using silver triflate 
has been unsuccessful (Scheme 2-13). Treatment of a yellow solution of compound 
5 with one molar equivalent of AgOTf in THF afforded a brown solution with grey 
precipitates. Attempts to isolate the products from the reaction mixture have been 
unsuccessful. 
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MesBu'Si^  i T S 
/ P X 
A~~^  I ,、、 1 equiv. AgOTf 
〈, N""••-Zr- CI • No isolable product 




5. Reduction of Compound 5 with Potassium Metal and Potassium Carbide 
W e anticipated that the three 2-pyridyl L^ ligands coordinated to the Zr(IV) or 
Hf(IV) center in complexes 5 and 6 may form a rigid scaffold for metal-supported 
activation and transformation reactions. Similar complexes have been shown to 
activate small molecules like dinitrogen and dihydrogen, giving rise to unusual 
transformation reactions.Strong reducing agents, such as potassium metal and the 
milder potassium graphite were employed in this study to react with compound 5. 
Reaction of compound 5 with excess potassium metal in toluene for 3 days gave an 
intermediate green solution, which became yellow again after a while. Although the 
identity of the intermediate green solution was unknown, a pale greenish yellow 
crystalline product was isolated and confirmed by ^H N M R spectroscopy and 
melting-point measurement to be the starting material (Scheme 2-14). On the other 
hand, reaction of compound 5 with excess KCg in THF for 2 days gave a black 
solution. Removal of all the volatiles from the solution in vacuo gave a deep red 
sticky solid (Scheme 2-15). It is believed that the low stability of the intermediate 
oxidation state of the zirconium metal center in 5 rendered the reduction of the 




r.~^  I / excess K metal 
([ N Zr-——CI • No reaction 
y N • Toluene, r.t., 3 d 





r.^ I .•、 excess KCs 
K N"•…-Zr-~CI • Deep red sticky solid 
• THF, r.t., 12 h 
N jg/ I 
MesBu'Si' _// ^ 
5 
Scheme 2-15 
2.3.3.3 Synthesis of [M(L^)3H] (M = Zr T仇 and Hf 8) 
Although reduction of the Zr(IV) chloro complex 5 by K metal or KCg has 
been unsuccessful, reduction of compound 5 with LiAlH4 gave the corresponding 
zirconium(IV) hydride complex 7. The preparative method for compound 7 was 
developed by our research group previously."'' While reaction of the hafnium(IV) 
chloro- complex 6 by a similar procedure (in toluene) gave compound 8. The 
reaction scheme is depicted in Scheme2-16. 
MezBu'Si, j T ^ MezBu'Si, J f ^ 
/ 、、N 八 / 、、八 
/ excess LiAIH4 ff^k / 
</ N……M-CI • 《 N…_..^ M-~H 
\=_l , Tolene/THF.A, 12h W / y \ , 
\ / \ N-SiBu'Mez E N-SiBu'Mez 
N fig/ N |；；|_/ 
MezBu'Si' _// ^  MesBu'Si' __//、 
M = Zr 5 M = Zr (40%) 7咖 
Hf 6 Hf (36%) 8 
Scheme 2-16 48 
The hafhiiim(IV) hydride complex 8 was obtained as colorless crystals in 
36 % yield. They are highly sensitive to air and moisture, and are soluble in all 
common organic solvents, such as diethyl ether and toluene. Compound 8 can be 
recrystallized from hexane. 
2.3.3.4 Reactivity Studies of Compound 7 
1. Reaction of Compound 7 with Benzonitrile 
W e anticipated that benzonitrile could be inserted into the Zr-H bond in complex 
7. Treatment of compound 7 with PhCN in refluxing THF afforded a yellow 
crystalline product, which was confirmed by ^ H N M R spectroscopy to be the starting 
material (Scheme 2-17). 
Me2Bu
〖
Si\ f ^ 
/ I 、 、 八 
/r~\ I 1 equiv. PhCN 
(/ N Z r c ~ H • No reaction 




2. Reaction of Compound 7 with Sodium Hydride 
The 1h N M R signal of the hydride ligand of 7 occurs at a very downfield position 
of 12.39 ppm. This suggests a very low electron density around the hydride 
ligand.53b W e expected that this electron deficient ligand may be reactive towards 
NaH. However, attempts to react compound 7 with NaH in THF have been 
unsuccessful (Scheme 2-18). 
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Me2Bu'SL i T S 
」nK 
n - \ I / 1 equiv. NaH 
([ N' Zr H • No reaction 
y . N , THF. r.t, 12 h 
� N - S 旧 u'Me2 
Me2Bu'Si' ^ ^ 
7 
Scheme 2-18 
3. Reaction of Compound 7 with Tris(pentafluorophenyl)borane 
Hydride abstraction from transition metal complexes is a prominent feature in 
tris(pentafluorophenyl)borane chemistry.^ " W e anticipated that the reaction of 
compound 7 with B(C6F5)3 may result in the transfer of the hydride ligand from the 
zirconium(IV) metal center to the borane with formation of an organometallic salt. 
Treatment of compound 7 with B(C6F5)3 in hexane afforded a slight turbid white 
solution mixture, from which a white solid was obtained after extraction with 
dichloromethane. N M R characterization of the white solid showed the presence 
of some decomposition product (Scheme 2-19). 
MezBu'SU \r\ 
/ p A 
f r ~ k I •、、 1 equiv. 8(�6卩5)3 
</ N Ts-——H — • White solid 
\ — / y \ Hexane, r.t, 1 d 
“ \ / \ N-SiBu'Me2 
N j g _ / 




2.3.3.5 Physical Characterization of Compound 8* 
Compound 8 has been characterized by ^H and ^^ C N M R spectroscopy, 
infrared spectroscopy, mass spectrometry (E. I. 70 eV), elemental analysis and 
melting-point measurement, in addition to single-crystal X-ray diffraction studies. 
The N M R spectra showed two singlet resonances at 0.35 ppm and 0.34 
ppm for compound 8，which are assignable to the two M e substituents of the 
SiBu'Me2 group. The two singlet signals suggested that the two prochiral M e 
substituents on the SiBi/Me〗 group are magnetically nonequivalent due to the 
presence of a chiral metal center. The tert-hvXy\ substituent appeared as singlet at 
1.21 ppm and the 6-Me group of the pyridyl moiety occurred as a singlet at 1.76 for 8. 
Three resonance signals at 5.92-6.95 ppm for 8 are corresponded to the three pyridyl 
protons. According to the reasonings as described by a previous member of our 
research group, the corresponding resonance signal due to each of the pyridyl protons 
can be rationalized by the delocalization of the negative charge from the amido 
nitrogen to the pyridyl ring."" The pyridyl proton, which is located at the para 
position to the pyridyl nitrogen, is located at the most down-field position, whilst the 
one adjacent to the 6-Me group is the most up-field one."' For compound 8，the 
singlet signal at 21.50 ppm was assignable to the terminal hydride ligand. When 
comparing with the singlet resonance at 12.39 ppm observed for the zirconium 
hydride complex the hydride ligand in 8 was downfield shifted to 21.50 ppm, 
indicating a very low electron density around hydride ligand. This may be attributed 
to some kind of interactions between the hydride ligand and the neighboring 
tert-buty\ group in a coordinatively saturated environment of the Hf(IV) hydride 
complex. Similar behaviours have been reported by Rheingold and co-workers, in 
* Physical Characterization of the zirconium hydride 7 has been carried out previously by our research 
group. 53b 
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which the ^H N M R spectra for the unusual trinuclear hydride amido complexes 
[(Me2N)3MO—H)0~NMe2)2]2M (M = Zr and Hf) showed a downfield shifted singlet 
resonances at 9.87 ppm (Rf-H) for the Hf(IV) compound when comparing with that 
of 5.21 ppm (Zr-H) for the Zr(IV) analogue." 
The ^^C{H}NMR spectrum of compound 8 showed two resonances 
at -2.86 and -2.36 ppm, which were due to the two prochiral M e groups of the 
SiBu'Me2 substituent. The resonance at 21.0 ppm is due to the quaternary carbon on 
the SiBu'Me2 group. The low intensity signal of the quaternary carbon is attributed 
to its slow relaxation rate. The 6-Me carbon on the pyridine ring of compounds 8 
occurred at 21.5 ppm，and the resonance at 28.1 ppm is due to the tert-butyl group. 
The resonance at 111.8-168.3 ppm are corresponded to the pyridyl carbons. 
The IR spectrum of compound 8 showed a few weak bands at 2953, 2923 
and 2852 cm"\ which may be assignable to C-H stretchings. The strong bands 
occurred at 1598 and 1460 cm"' may be due to C-C and C-N stretchings of the 
pyridine ring, while the medium band at 1357 cm"^ may be assignable to the C-N 
stretching of the amido nitrogen group. A few medium bands at 1257, 1246 and 
1093 cm-i were also observed, which may be due to in-plane C-H bendings. The 
medium band at 894 was assignable to the Hf-H stretching as no such band was 
observed in the IR spectrum of the hafhium(IV) chloro compound 6. Other strong 
bands observed at 831 and 786 cm"^ may be due to out-of-plane C-H bendings. 
The mass spectrum of compound 8 showed a molecular ion peak [M]+ at 
m/z = 843 (35 %). Fragmentation peaks due to the L^ ligand, such as [M-L” (622, 
10 %) and [L-Bu']^ 165 (100)，were observed. The high-resolution mass spectrum 
of 8 showed a parent peak at m/z = 843.3842, which is consistent with its theoretical 
value of [M+H]+ at miz = 843.3882. Moreover, results of elemental analysis for 
compound 8 were consistent with its empirical formula. 
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2.3.3.6 Molecular Structures of Compound 8 
The molecular structure of compound 8 with the atom numbering scheme 
is depicted in Figure 2-5. Selected bond lengths (A) and angles (deg) are listed in 
Table 2-8. 
Compound 8 is mononuclear, and crystallizes in the orthorhombic space 
group P2\2\2\. The title compound consists of a seven-coordinate hafnium metal 
center, being bound by three A^^'-chelating l) ligands and a small terminal hydride 
ligand. In addition to the presence of hydride signal in the ^ H N M R spectrum of 
compound 8, the location of the terminal hydride ligand has also been estimated in its 
X-ray structure, as shown in Figure 2-5. The three amido nitrogen atoms N(l), N(3) 
and N(5) form a nearly trigonal plane around the Hf(IV) center with angle sum 〜 
355.60。，which is slightly smaller than that of 357.6° in the monochloro hafhium(IV) 
triamide 6严 And the Namido-M-Npyridyi bite angle in 8 (58.8°, 59.2° and 59.2°) are 
similar to that of 6 (59.2°, 59.5° and 59.8°)."'' 
The three pyridyl nitrogen atoms N(2), N(4) and N(6) are nearly 
perpendicular to each other with N(2)-Hf-N(6) = 90.9 (3)。，N(4)~Hf—N(6) = 87.3 (3) 
。，N(2)-Hf-N(4) = 87.2 (3)。，(av. 88.47。). The average value is slightly greater 
than that of 84.67 ° in 6严 
The Hf-Namido and Hf—Npyridyi bond distances of 2.172(7)-2.217(8) A and 
2.348(8)-2.353(8) A, respectively, in 8 are similar to the corresponding distances of 
2.176(3)-2.188(3) and 2.332(3)-2.347(3) A in compound 6，and are comparable to 
those of 2.200(1)-2.213(1) and 2.354(1)-2.363(1) A in the Zr(IV) chloro- analogue 
The estimated Hf-Hterminai bond distance of 1.181 A in 8 is significantly 
shorter than the Ti-H bond distances of 1.77(3)-1.88(3) A in the dimeric 
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[Ti(NN2)0-H)]2 (NN2 = [(Me3SiNCH2CH2)2NSiMe3])，i8c and the Zr-H bond 
distances of 1.93(4)-2.15(4) A in [{(Me2N)3Zr(//-H)(//-NMe2)2}2Zr]." 
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Figure 2-5. Molecular Structure of [Hf(L^)3H] (8). 
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Table 2-8. Selected Bond Distances(A) and Angles (deg) for Compound 8 
[Hf(Li)3H] (8) 
Hf-N(l) 2.186(8) Hf-N(2) 2.353(8) 
Hf-N(3) 2.172(7) Hf-N(4) 2.348(8) 
Hf-N(5) 2.217(8) Hf-N(6) 2.349(8) 
Hf-C(l) 2.791(9) N(l)-C(l) 1.37(1) 
Si(l)-N(l) 1.729(8) N(2)-C(l) 1.34(1) 
^Hf-H(l) 1.181 
N(3)-Hf-N(l) 115.0(3) N(2)-Hf-N(4) 87.2(3) 
N(l)-Hf-N(5) 118.5(3) N(4)-Hf-N(6) 87.3(3) 
N(3)-Hf-N(5) 122.1(3) N(2)-Hf-N(6) 90.9(3) 
N(l)-Hf-N(2) 59.2(3) C(l)-N(l)-Hf 97.0(6) 
N(3)-Hf-N(4) 59.2(3) C(l)-N(2)-Hf 90.6(6) 
N(5)-Hf-N(6) 58.8(3) Si(l) — N(l) - Hf 134.6(4) 
N(l)-C(l)-N(2) 111.7(8) C(l)-N(l)-Si(l) 127.9(7) 
N(3)-C(13)-N(4) 110.3(9) N(5) - C(25)-N(6) 111.9(8) 
t Since the exact location of the hydride ligand could not be determined by X-ray diffraction studies, 
only a calculated value was reported for the Hf-H distance. 
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2.3.3.7 Synthesis of [Zr(L^)3Me] (9) 
Due to the presence of three sterically demanding 2-pyridyl amido ligands 
bonded to the zirconium metal center, replacement of the chloride ligand in 5 was 
only successful with small ligands. Synthesis of the methyl-zirconium(IV) amido 
complex 9 has been achieved by salt metathesis reaction between the chloro complex 
5 with methyl lithium. Reaction of compound 5 with 1.2 molar equivalent of methyl 
lithium (1.6 M in EtzO) in diethyl ether gave compound 9 as a very pale yellow 
crystalline solid in 62 % yield (Scheme 2-20). 
SiBu'M^ S 旧 u^Mi 
U/、,.. 1 . 片 1.2 equiv.MeLi W ' ^ V . ] . 片 
\ ^ ^Zr—CI • \ .^-Zr—Me 
Z n K : \ EtzO, r.t, 12 h N Z： \ 
SiBu'Mes £ .N-SiBu'Me2 SiBu'Mez i N—SBu'Mez 
5 9 (62 %) 
Scheme 2-20 
Attempts to synthesize the methyl-hafhium(IV) complex have been 
unsuccessful. Reaction of compound 6 with 1.4 molar equivalents of methyl lithium 
in diethyl ether for 1 day afforded a turbid pale yellow solution (Scheme 2-21). 
Upon filtration and concentration, a very pale yellow crystalline solid was isolated, 
which was then confirmed by N M R to be the starting material. Other attempts 
such as elevating the reaction temperature and reaction time have also been 
unsuccessful. 
VO 、‘... 1 •、、、 \ 1.4 equiv.MeLi 
\ —CI • No reaction 
/ N ^ , \ EtjO, r.t, 1d 
S旧i/Me2 / N-SiBu^z 
6 
Scheme 2-21 57 
2.3.3.8 Reactivity Studies of Compound 9 
1. Reaction of Compound 9 with Tris(peiitafluorophenyl)borane 
Interaction of the strong Lewis acidic molecule B(C6F5)3 with the metallocene 
complexes [M(Cp’)2R2] (M = Group(IV) metal; R = alkyl; Cp，= C5H5, CsHsMei or 
CsMes) results in the addition of the boron compound to the alkyl moiety and the 
formation of zwitterionic complexes [(Cp，)2MR(//-R){B(C6F5)3}]. The latters were 
highly active "cation-like" zirconocene polymerization catalysts. The electrophilic 
Group 4 metal center formed frequently exhibits unusual bonding features as a means 
of alleviating its charge deficiency.""^ ® W e anticipated that the reaction of 
compound 9 with B(C6F5)3 would result in [CHs]" group transfer from the metal 
center to the boron atom with the formation of an a-agnostic interaction between the 
metal center and methyl hydrogen atoms of the anion. Unfortunately, reaction of 9 
with 1.4 molar equivalents of B(C6F5)3 in toluene for 1 day afforded a white solid 
which has not yet been characterized (Scheme 2-22). 
MezBu'Si, f ^ 
/ i^A 
ff~i 1/ 1.4 equiv. B(C6F5)3 
《 N丨Zr-—Me White solid 





2.3.3.9 Physical Characterization of Compound 9 
Compound 9 has been characterized by ^H and ^^ C N M R spectroscopy, 
mass spectrometry (E. I. 70 eV)，elemental analysis and melting-point measurement, 
in addition to single-crystal X-ray diffraction studies. 
Compound 9 was a pale yellow crystal with melting-point 195-202 °C 
(dec.). The ^ H N M R spectra of compound 9 showed two singlet resonances at 0.19 
and 0.32 ppm，which are assignable to the two M e substituents of the SiBu'Me: group. 
The two singlet signals suggested that the two prochiral M e substituents on the 
SiBu^Me2 group are magnetically nonequivalent due to the presence of a chiral metal 
center. The tert-huiyX substituent appeared a singlet at 1.21 ppm and the singlet 
resonance at 1.29 ppm was assignable to the terminal M e group coordinated to the 
zirconium metal center. The 6-Me group of the pyridyl moiety occurred as a singlet 
at 1.71 ppm. One set of three resonances at 5.88-6.95 ppm corresponded to the 
pyridyl protons. According to the same reasonings as described previously,"® the 
pyridyl proton located at para position to the pyridyl nitrogen is located at the most 
down-field position, whilst the one adjacent to the 6-Me group is the most up-field. 
The i3c{H}NMR of the compound 9 showed two resonances at -1.66 
and -3.38 ppm, which were due to the two prochiral M e groups of the SiBu'Me: 
substituent. The methyl carbon bonded to the metal center appeared at 61.82 ppm, 
whilst the pyridyl carbons occurred at 110.8-169.8 ppm. 
The mass spectrum of compound 9 showed fragmentation peaks such as 
[M-Me]+ (754，68 % ) and [L-Bu']^ (165，100 %). Results of elemental analysis for 
compound 9 were consistent with its empirical formula. 
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2.3.3.10 Molecular Structure of Compound 9 
The molecular structure of compound 9 with the atom numbering scheme 
is depicted in Figure 2-6. Selected bond lengths (A) and angles (deg) are listed in 
Table 2-9. 
Compound 9 crystallizes in a monoclinic crystal system with the space 
group P2^/n. Compound 9 has a similar structure as that of 5.53b is a 
mononuclear complex with three bidentate A^^'-chelating L^ ligands and one 
terminal methyl group bound to the zirconium metal center. The three amido 
nitrogen atoms N(l), N(3) and N(5) define a trigonal plane [sum of bond angles = 
357.4 One axial position is occupied by the methyl group with an average 
N a m i d o - Z r - C bond angle equals to 84.7 ° [Average of N(l)-Zr-C(37) = 83.5(1)。， 
N(3)-Zr-C(37) = 86.5(1)。and N(5)-Zr-C(37)= 83.9(1)。：]. The bond angle is 
slightly smaller than that of the average Namid。一Zr-CI bond angle of 85.37 ° in S^b 
This can be attributed to the decrease in steric bulkiness of the axial methyl ligand of 
the amido-nitrogen plane in 7 when compared with the chloride ligand in 5. On the 
other hand, the three pyridyl nitrogen atoms N(2)，N(4) and N(6) are nearly 
perpendicular to each other with an average bond angle equals to 86.9 ° [Average of 
N(2)-Zr-N(4) = 85.1(1)。，N(2)-Zr-N(6) = 88.9(1) and N(6)-Zr-N(4) = 86.5(1)。]， 
which is much greater than the corresponding angle of 84.25 ° in 5."'' This increase 
in bond angles between the three pyridyl nitrogen atoms can also be attributed to the 
smaller size of the methyl group in 7 as compared to the chloride ligand in 5, which in 
turn relieves the saturation coordination between the three pyridyl rings to a certain 
extent. 
The Zr-Namido bond distances of 2.218(3)-2.231(3) A in the present 
complex are comparable to those of 2.200(1)-2.213(1) A in 5."'' When comparing 
with other methyl—zirconium(IV) complexes, they are longer than those of 
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2.063(4)-2.213(1) A and 2.101(5)-2.113(5) A，respectively, in the 6-coordinate 
[Zr(MesNpy)(Me)2(THF)尸 and the anionic [Zr(MesNpy)Me3]一产 
The Zr-Npyridyi bond distances of 2.353(3)—2.382(3) A in the present 
complex are comparable to those of 2.354(1)-2.363(1) A in Sfb However, they are 
much shorter than those of 2.471(4) and 2.399(5) A, respectively, in the neutral 
[Zr(MesNpy)(THF)Me2]2。c and the anionic [Zr(MesNpy)Me3r产 
The Zr-Cmethyi bond distance of 2.257(4) A in compound 9 is shorter than 
those of 2.288(6)-2.361(5) A in [Zr(MesNpy)(THF)Me2]'°'= and much shorter than 




Figure 2-6. Molecular Structure of [Zr(L^)3Me] (9). 
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Table 2-9. Selected Bond Distances (A) and Angles (deg) for Compound 9 
[Zr(Li)3Me] (9) 
Zr-N(l) 2.231(3) Zr-N(2) 2.353(3) 
Zr-N(3) 2.218(3) Zr-N(4) 2.382(3) 
Zr-N(5) 2.218(3) Zr-N(6) 2.377(3) 
Zr-C(37) 2.257(4) Zr-C(l) 2.761(4) 
N(l)-C(l) 1.360(5) N(2)-C(l) 1.374(5) 
Si(l)-N(l) 1.741(3) 
N(l)-Zr-N(3) 116.0(1) N(2)-Zr-N(4) 85.2(1) 
N(3)-Zr-N(5) 119.4(1) N(4)-Zr-N(6) 86.5(1) 
N(5)-Zr-N(l) 122.1(1) N(6)-Zr-N(2) 88.9(1) 
N(l)-Zr-N(2) 59.0(1) N(l) - Zr-C(37) 83.5(1) 
N(3)-Zr-N(4) 58.7(1) N(3)-Zr-C(37) 86.6(1) 
N(5)-Zr-N(6) 58.6(1) N(5)-Zr-C(37) 83.9(1) 
N(2)-Zr-C(37) 125.6(1) C(l)-N(l)-Zr 97.5(2) 
N(4)-Zr-C(37) 129.2(1) C(l)-N(2)-Zr 91.8(2) 
N(6)-Zr-C(37) 127.5(1) C(l)-N(l) - Si(l) 126.2(3) 
N(l)-C(l)-N(2) 111.6(3) Si(l)-N(l)-Zr 134.5(2) 
N(3)-C(13)-N(4) 111.7(3) N(5) - C(25) - N(6) 111.5(3) 
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2.4 EXPERIMENTALS FOR CHAPTER 2 
2.4.1 General Procedures 
All reactions were carried out under a purified nitrogen atmosphere using 
modified Schlenk techniques. Anhydrous TiCU, potassium hydride, «-Butyllithium 
(LiBu") in hexane (ca. 1.6 M ) and methyllithium (MeLi) in diethyl ether (ca. 1.6 M ) 
were purchased from Acros and used as received. Anhydrous ZrCU and 
N, N,N\N -tetramethylethylenediamine (tmeda) were purchased from Alfar Aesar. 
Tmeda was distilled over sodium under a dinitrogen atmosphere before use. 
6-Methyl-2-aminopicoline was purchased from Aldrich and used as received. 
Anhydrous HfCU was purchased from Strem and used as received. Lithium 
aluminium hydride and tert-butyldimethylsilyl chloride were purchased from 
International Laboratory USA. Solvents were dried over sodium and distilled over 
sodium/potassium (hexane and toluene) or sodium benzophenone (diethyl ether and 
THF) and degassed by freeze-thaw cycle three times before use. 
[2-NH(SiBu'Me2)C5H3N-6-Me] (1), [Li {2-N(SiBu'Me2)C5H3N-6-Me} (tmeda)] (2)， 
[Zr(L')3Cl] (5)，[Hf(Li)3Cl] (6) and [Zr(L^ )3H] (7) were prepared as described 
previously."'' 
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2.4.2 Synthesis of Compounds 
Synthesis of [Ti(L^ )Cl2CM-CI)]2 (3) 
To a slurry of TiCU (0.60 mL，5.44 mmol) in diethyl ether (20 mL) was added 
slowly a solution of 1 (1.25 g, 5.62 mmol) in diethyl ether (30 mL) at 0 °C. The 
reaction mixture was allowed to warm back to room temperature and stirred for one 
day. It was filtered and concentrated to approximately 10 m L under reduced 
pressure. Upon standing the solution at room temperature for one day, compound 3 
was obtained as shiny purple crystals. The compound was washed twice with cold 
diethyl ether and dried in vacuo. Yield: 0.73 g, 0.98 mmol, 36 %. Mp: 131-138 °C 
(dec.). M S (EI, 70 eV): mIz (%) [Ti(L')Cl3-Bu']^  319 (9)，[TiCL^ls-Bu'-Cl]" 283 
(5), [l1-Bu']+ 165 (100). N M R (300 MHz, CeDe): d 6.72 (t, J = 8.1 Hz, 2H， 
C5H3N)，5.93 (dd，J= 8.1，10.2 Hz, 4H，C5H3N)，2.30 (s，6 H，CH3)，0.95 (s，18H, 
SiBu'), 0.33 (s, 12H, SiMe〗). N M R (75 MHz, CeDe)： S 160.3，153.3, 143.0， 
118.1, 106.2 (C5H3N), 27.2 (SiCMes), 21.2 (她C5H3N)，20.8 (SiCMes), -1.01 
(SiMe2). Anal. Found: C，38.20; H，5.69; N, 7.57 %. Calc. for C24H42Ti2Cl6N4Si2： 
C, 38.37; H, 5.63; N, 7.46 %. 
Synthesis of [TiCL^bCTHF)] (4) 
A solution of 1 (1.54 g, 6.93 mmol) in diethyl ether (20 mL) was slowly added 
to a suspension of K H (0.40 g，9.87 mmol) in diethyl ether (10 mL) 0 °C. The 
reaction mixture was stirred at room temperature for 12 hours and filtered. All the 
volatiles were dried in vacuo and the white solid obtained was washed with hexane 
twice and re-dissolved in diethyl ether (20 mL). At 0。C�this solution was added 
dropwise to a slurry of TiCU (0.8 mL, 7.25 mmol) in diethyl ether (20 mL). The 
reaction mixture was warmed back to room temperature and further stirred for one 
day. It was filtered and all the volatiles were removed in vacuo. The black residue 
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was then extracted with a solvent mixture of THF and hexane (1:2). It was then 
filtered again and concentrated to approximately 10 m L under reduced pressure. 
Upon standing the solution at room temperature for a few weeks, compound 4 was 
obtained as dark red crystals. The compound was washed twice with cold ether and 
dried in vacuo. Yield: 0.74 g，1.66 mmol, 23 %. Mp: 114-119 °C (dec.). M S (EI, 
70 eV): miz (%) [M-Bu'-Cl-(THF)]^ 283 (3) and 165 (100). ^H N M R 
(300 MHz, C6D6): S 6.81 (t，8.1 Hz, IH，C5H3N), 6.06 (d，J= 8.4, IH, C5H3N)， 
5.98 (d，•/= 7.5，IH, C5H3N), 3.89 (brs, 8H, OC//2CH2), 2.49 (s, 3 H, CH3), 1.30 (brs, 
8H, OCH2C//2), 1.08 (s，9H, SiBu'), 0.46 (s, 6H，SiMez). N M R (75 MHz, 
C6D6): S 163.1，153.6，142.3, 116.7，107.6 (C5H3N)，72.6 (THF), 27.5 (SiCMe力，25.5 
(THF), 22.1 (M冗5H3N)，21.2 (SiCMes), -1.03 (SLMe》. Anal. Found: C，39.07; H， 
6.36; N, 4.20 0/0. Calc. for CieHssTiCbNzSiO: C，42.92; H, 6.53; N, 6.26 % . 
Synthesis of[Hf(L )^3H] (8) 
To a solution of [Hf(L')3Cl] 6 (2.09 g, 2.38 mmol) in THF (40 mL) at 0 °C， 
was slowly added lithium aluminium hydride (0.24 g，6.22 mmol) in five portions. 
The reaction mixture was refluxed at 80-90 °C for 12 h, and filtered. All the 
volatiles were removed in vacuo, and toluene was added to give a turbid yellow 
solution. The resultant solution was filtered again and concentrated to about 10 m L 
under reduced pressure. Yellow crystals were obtained after standing the solution at 
room temperature for 2 days. Yield: 0.72 g, 0.85 mmol, 36 %. Mp: 218-227 °C 
(dec.). IR (KBr, cm"^): 2953 (w)，2923 (w), 2852 (w)，1598 (s)，1460 (s)，1357 (m), 
1257 (m)，1246 (m)，1093 (m)，894 (w, Hf-H stretching), 831 (s) and 786 (s). M S 
(EI, 70 eV): m/z (%) [M]+ 843 (35)，[M—L!] 622 (10) and [L'-Bu']"" 165 (100). 
H R M S (LSI): m/z = 843.3842 (Calc. for C36H64HfN6Si3 [M+H]+: m/z = 843.3882). 
1h N M R (300 MHz, CeDe): d 21.5 (s, IH, Hf-H), 6.92 (dd，J= 9.0 Hz and 6.0 Hz, 3H, 
66 
C5H3N)，6.22 (d，J= 6.0 Hz, 3H, C5H3N), 5.94 (d, J= 9.0 Hz, 3H, C5H3N), 1.74 (s，9 
H, CH3), 1.21 (s, 27 H，SiBu)，0.34 (s，9H, SiMez), 0.27 (s，9H, SiMei). 
N M R (75 MHz, CgDg): d 168.3，153.8，140.3，110.9，110.8 (C5H3N), 28.1 (SiCMej), 
21.5 (MeCsHaN), 21.0 (SiCMes), -2.36 (SiMe^), -2.86 (SiMe》. Anal. Found: C， 
51.26; H, 7.61; N, 10.37 %. Calc. for C36H64HfN6Si3： C, 51.23; H, 7.65; N，9.96 %. 
Synthesis of [Zr(L )^3Me] (9) 
To a solution of [Zr(L')3Cl] 5 (1.19 g�1.50 mmol) in hexane (20 mL) at 0 °C� 
was slowly added a solution of methyl lithium in diethyl ether (1.0 mL, 1.6 M , 1.66 
mmol), A turbid pale yellow solution immediately formed and the reaction mixture 
was stirred for 12 h. All the volatiles were removed in vacuo, and diethyl ether was 
added to give a turbid yellow solution. The solution was filtered and concentrated to 
about 4 m L under reduced pressure. Pale yellow crystals were obtained after 
standing the solution at room temperature for 1 day. Yield: 0.72 g, 0.93 mmol, 62 %. 
Mp: 195-202 °C (dec.). M S (EI, 70 eV): m/z (%) [M-CHs]^ 754 (68) and [L^ -Bu']"" 
165 (100). iH N M R (300 MHz, CeDe): S 6.92 (dd, J = 12 Hz and 8.7 Hz, 3H, 
C5H3N), 6.34 (d, J= 8.7 Hz, 3H, C5H3N), 5.89 (d, J= 7.2 Hz, 3H, C5H3N)，1.71 (s, 9 
H，CH3), 1.29 (s, 3H, Zr-Me), 1.21 (s，27H, SiBu), 0.32 (s, 9H, SiMez), 0.19 (s，9H， 
SiMe2). i3C{1H} N M R (75 MHz, CeDe): S 169.8，154.1，140.1，111.1，110.8 
(C5H3N), 61.82 (Zr-Me), 29.29 (SiCMej), 21.82 (MeCsHsN), 21.18 (SiCMes), -1.67 
(SiMe:)，-3.38 iSiMe2). Anal. Found: C, 57.63; H，8.50; N，11.12 %. Calc. for 
C37H66ZrN6Si3： C, 57.68; H, 8.63; N，10.91 %. 
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CHAPTER 3. SYNTHESIS AND STRUCTURES OF 
VANADIUM(III) AMIDO AND 
BENZAMIDINATO COMPLEXES 
3.1 INTRODUCTION 
3.1.1 General Background 
In the past few decades, organometallic chemistry of diamagnetic compounds 
such as tetravalent Group 4 metal amides (with d^ electronic configuration) has 
attracted much attention. Recently, considerable research effort has been devoted to 
the study of trivalent vanadium complexes coordinated to hard donor ligands such as 
alkoxides, amides and amidinates.' The chemistry of vanadium(III) amido and 
amidinato complexes are particularly interesting since they exhibit a wide range of 
applications in various reactions, including metal-assisted fixation and reductive 
cleavage of dinitrogen,^  transformation reactions (formation of metallacycles,^ ®' 
hydrogen transfer,^ '' formation of hydrides/- C-H a-bond metathesis^ ''), 
metal-main group element multiple bonding'' and olefin polymerization.^ "^  While 
the Lewis acidity of vanadium approaches that of the Group III and IV metals, the 
presence of two or more d electrons on the metal center facilitates the activation of 
small molecules, of which dinitrogen is one of the prime examples.' Moreover, in 
most of the metal complex systems mentioned above, the vanadium metal center was 
coordinated to various types of unidentate, bidentate or chelating amido and amidinate 
ligands.' 
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3.1.2 A Brief Introduction to Metal Amidinates 
Metal amidinates are compounds with one or more difunctional amidinate 
ligand(s) [R'N-C(R)=NR']" (R/R' = H，alkyl, aryl or SiMes) bound to the metal 
center. An amidinate ligand is a monoanionic nitrogen-donor ligand which consists 
of a [N-C-N] backbone in which delocalization of negative charge is facilitated 
through its 7c-bond system (Chart 3-1).^ '^  
^ I 
C々\ < ^ 
R'-N N-R' R ' - N N - R ' 
© 0 
Chart 3-1 
This type of versatile ligands, derived from the corresponding amidines, is 
isoelectronic with carboxylate ligands. The first amidine was prepared by Gerhardt 
in 1858 via the reaction of aniline with A'-phenylbenzimidyl chloride.】。, 
In 1973，Sanger reported the synthesis of 7V-silylated benzamidine 
[(SiMe3)2NC(Ph)=NSiMe3] by the reaction of lithium ^ /5(trimethylsilyl)amide with 
benzonitrile, followed by quenching of the reaction with chlorotrimethylsilane/^ '' A 
decade later, by employing the same synthetic route, Oakley and co-workers reported 
the preparation of a range of ring-substituted /rz5'(trimethylsilyl)benzamidine 
derivatives from the respective nitriles, as well as 
A/;A/;A^ Wm(trimethylsilyl)-l,l,l-trifloroacetamidine from CF3CN (Scheme 3-1).'^ ' 
MeaSiCI ^ N S i M e g 
R _ C 6 H 4 C N — Li[N(SiMe3)2(OEt2)] • Li[(R'C6H4)C(NSiMe3)2】 • R ' C e H r q ' 
-LICI N(SiMe3)2 
R' = H , P-CH3, p-CI, p - O M e , 
p - N M e 2 , P-CF3, p-Ph 
Scheme 3-1 
Amdinate ligands display a number of possible bonding modes that have been 
established by X-ray crystallography. These include (a) monodentate, (b) chelating, 
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(c) r|3—allyl，and (d) bridging binding modes, as ascribed in the following section 
(Chart 3-2).丨。’ 
(a) Monodentate — in this bonding pattern, one of the nitrogens on an amidinate 
ligand is o-bonded to the metal, while the other one is double bonded to the 
central carbon atom and remains unattached. 
(b) Chelating 一 in this bonding mode, the relatively small size and highly strained 
four-membered M(NCN) metallacycle ring introduces a distortion of the valence 
angles. This type of bonding mode may be subdivided into three categories: 
(i) a,a-symmetrical attachment in which the electron density is delocalized 
over the N C N moiety. 
(ii) a,a-unsymmetrical attachment in which both nitrogen atoms are bonded 
to the metal, but one of them formally via the imine lone pair of 
electrons. 
(iii) One of the nitrogens is a-bonded to the metal whilst the localized double 
bond interacts in an alkene-type manner. 
(c) 7/3一Aiiyl — reports on this type of amidine linkage remains scarce. 
(d) Bridging 一 this type of coordination usually produces a metal-metal bonding, 
involving the formation of a M2(NCN) ring. 
R, R' 
入 
R _ C \ M R - C v A ！ 
\ ？ I^N、 ^'N-M 
R, R, R, 





(b)(i) Chelating (a,a-symmetrical) (b)(ii) Chelating (a,a-unsymmetrical) (b)(iii) Chelating (alkene-type manner) 
Chart 3-2 
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Apart from the varied bonding patterns, amidinate ligands of the type 
[RC(NR，)2]— (R, R' = H, alkyl, aryl or SiMes) have also been proved to be versatile 
for the stabilization of early transition metals,late transition metals,"-i". 21c 25-30 
as well as main—group丨。,13-14.26,31-32 肌d 4f- and 5f-element compounds,in which 
they act most frequently as bidentate 4-electron monoanionic ligands. Some of 
these examples are illustrated in Chart 3-3. 
S i M e 3， 3 
CI . . MesSi� R ； . c i fr~L N. ^N > = \ 
SiMea SiMeg SiMes J ^ 入 入 f ^ 
„ u " M = Ti, R= Me; 
R = H or Me M = Zr or Hf, R = H M = Cr, Mn, Fe, Co, Ni and Mg 
日sen et al：^^ Green et al.^^ Arnold et 
MeaSr "•..、.‘.、、、、C.v^’、‘、、、SiMeg j V f C \ / V ^ 
c / 6 � > D 
R = Me, M = La, Nd or U; 
R = H, Me, "Pr, Ph, SiMes or CMea r = "bu, M = U 
Teuben et al.^*' Ephritikhine et ai?^ 
Chart 3-3 
3.1.3 An Overview on Vanadium(III) Amides 
Homoleptic dimethyl- and diethyl- vanadium amides [V(NR2)2]n (R =Me or 
Et) were first reported by Abel and co-workers in 1965. These complexes appeared 
to be dimeric in solution and were prepared via salt metathesis reaction of anhydrous 
VCI3 with the corresponding lithium dialkylamide.^ "^ A few years later, by 
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employing the Z?z5-(trimethylsilyl)amido ligand [N(SiMe3)2]—，Bradley et al have 
successfully synthesized and structurally characterized the monomeric rrz5-silylamide 
[V{N(SiMe3)2}3] by the reaction of [VCbCNMeg)�] with [Li{N(SiMe3)}2].'' 
It was until 1994 that Gambarotta and co-workers have reported the 
dinitrogen fixation, ligand dehydrogenation and cyclometalation reactions of 
vanadium(III) amides, that were prepared by the reaction of [VCl3(THF)3] with 
[LiNRJ (R = 'Pr, Cy or Ph) (Chart 3-4).'" By employing the silylamido ligand 
[N(SiMe3)2]_，the same research group have also synthesized and structurally 
characterized the dinuclear metallacyclobutane species 
[V{N(SiMe3)2}{(/^"CH2SiMe2)2N(SiMe3)}]2 (Chart 3-4). The latter complex was 
proved to promote C-H a-bond metathesis, facilitate the migratory insertion of C O 
and isonitriles into the V-C bond, and the regioselective hydrogenation of pyridine?®" 
3b, 3d Moreover, Gambarotta and co-workers have also prepared the polynuclear 
mixed-valence polyhydrido-nitride complex [ { V(PMe3)3} 
[{V[N(SiMe3)2]2C"-N)2}] by the reaction of 
[V{N(SiMe3)2HC«~CH2SiMe2)2N(SiMe3)}]2 with PMes and H2 (Chart 34)产 
PPr、》 Me\ 产 
/ C H � Si SiMea 
/ / < i X ^ S i M e a 
^ ^ N W i / N MeaSi / \ 
C H 2 ^ X Pr Me' Me 
O C ‘ ,N�'Pr 
'Pr 
+ -
R、N'R R、N'R MesP PMes SiMea MegSi、 
p i R丄R、 R Mes/ \ H Z \pMe3 M e s S k 广 、 乡 、 肩 3 
R R R R SiMes MegSi 
Gambarotta et al?"- s o b . M 
Chart 3-4 
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On the other hand, by using the [LiER(THF)2] (E = Se or Te; R = Si(SiMe3)3 
or SiPhs) ligands, Arnold and co-workers have reported a series of three-coordinate 
办/•y(amido)vanadium(III) silyl selenolates and tellurolates with the formula of 
[V{N(SiMe3)2}2ER] (Chart 3-5).朴 The V(III) silyl selenolate complexes 
[V{N(SiMe3)2}2SeR] (R = Si(SiMe3)3 or SiPhs) readily underwent a two-electron 
oxidation with chalcogen-transfer reagents (such as styrene oxide, propylene sulfide 
and PhaPSe or gray selenium) to give the corresponding V(V) chalcogenide 
complexes [V{N(SiMe3)2}2(E)SeR] (E = 0，S or Se)/' Two years later, by using the 
monoanionic [N(SiMe3)2]_ ligand, the same research group has also prepared the 
four-coordinate V(III) methyl complex [V {N(SiMe3)2} (Me)(THF)], which was 
reactive towards thermolysis, multiple insertion of isocyanides, and oxidation with 
styrene oxide (formation of (/^-oxo)vanadium(IV) dimer) (Chart 3-5).^ ^ 
MeaSi SiMeg Ph Ph 
MP P h � 广 Me Me N(SiMe3)2 
E^v—N/SiMe3 (MeaSOsN-^V^ (MesSikNT.^—O—^ 
M e s S i ^ / V — N \ s i M e 3 M e 3 S K / ^ ~ \ i M e 3 ( M e ^ a N l J > ( M e ^ a N Me 
I I 
SiMes SiMea 
E = S e or Te E = S e or T e 
Arnold et a/.""'39 
Chart 3-5 
By employing the monoanionic [N(SiMe3)Ph]~ and the trianionic tripodal 
[(Me)C(CH2N'Pr)3]3- ligands, Gambarotta and co-workers have reported the 
preparations and characterization of triamido V(III) complex [V{N(SiMe3)Ph}3(THF)] 
and the dinuclear dinitrogen complex [V {(Me)C(CH2N'Pr)3} ]2(N=N), respectively 
(Chart 3~6).2f Moreover, the same research group has also prepared the dinuclear 
V(III) hydride complex [V{N(SiMe3)2}{N(SiMe3)SiMe2CH2}2{K(THF)2}]2，which 
consists of potassium-hydrogen agnostic interactions holding together a V2K2 
tetrametallic framework (Chart 3—6)产 
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THF\ THF 
__ H H 'K、、 Me Me 
B Q r s /CH2\ /'Pr /CH, Me 、：S'Me, 
广 ？ H3C—C N、V—n:N—V- N C-CH3 V 
D CH2 3 Me' Me、、：":"H�H 
THF' THF 
Gambarotta etal.^'- ^ ^ 
Chart 3-6 
Later in 1997，by employing the sterically demanding [N(Ad)(3,5-Me2Ph)] 
(Ad = 1-adamantly) ligand, a mononuclear and homoleptic vanadium(III) rrw-amide 
[V {N(Ad)(3,5-Me2Ph)}3] (Ad = 1-adamantyl) has also been prepared by Gamboratta 
et al (Chart 3-7)产 By employing the trianionic [(RNCH2CH2)3Nf- (R = 'BuMei, 
SiMes or C6F5) ligands, Schrock and co-workers have reported the preparations, 
characterization and reactivity studies of the V(III) triamidoamine complexes 
[V{(RNCH2CH2)3N}] (R = 'BuMe2，SiMej or C6F5) (Chart 3-7)."° 
y /Ad R\ / R 
Ad . /V- 'YV /N— 
V i \ . N r J 
Y Y Ad T V V 
R = SiMea or CsFg 
Gambarotta et a " � Schrock et al,� 
Chart 3-7 
By employing the monoanionic [(Ph)2nacnac]一 ligand ([(Ph)2nacnac]= 
'-diphenyl-2,4-pentanediimine anion), Theopold and co-workers have prepared 
the octahedral [V{(Ph)2nacnac}Cl2(THF)2]，and the tetrahedral [V{(Ph)2nacnac}(R)Cl] 
and [V{(Ph)2nacnac}R2] (R = M e or CHzSiMea) complexes (Chart 3-8)/' By 
employing the monoanionic [N(SiMe3)(2-C5H3N-4-Me)]~ ligand, Kempe and 
co-workers have reported the synthesis of homoleptic vanadium(III) triamide 
[V {[N(SiMe3)(2-C5H3N^Me)]3] (Chart 3-8)/^ One year later, by using a linked 
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cyclopentadienyl—amido ancillary ligand ；7^-C5H4(CH2)2N'Pr]~ a mononuclear 
vanadium(III) Cp-amido compolex [V {；7^-C5H4(CH2)2N'Pr} (PMe3)Cl] has been 
prepared by Hessen et al. (Chart 3-8).“ 
A / P h Ph Ph l A / S i M e s ^ 
Ph々 久 d h , CI h " R V^CI 
R = Me or CH2SiMe3 
Theopold et. a/.4i Kempe et al^^ Hessen et a!,^ 
Chart 3-8 
Recently, by employing the silyamino(disilylamido) ligand 
[(Me3Si)N {CH2CH2N(SiMe3)2}f~, Cloke and co-workers have prepared the dimeric, 
non-metallocene vanadium(III) chloride- and hydride-bridged complexes 
[V{(Me3Si)N{CH2CH2N(SiMe3)2}}Cw-X)]2 (X = CI or H) and the mononuclear 
[V{(Me3Si)N{CH2CH2N(SiMe3)2}}{CH(SiMe3)2}].i The vanadiiim(III) chloro 
complex has been proved to promote the reductive cleavage of dinitrogen to afford 
the doubly nitrido-bridged V(V)-V(V) dimer, which may further be reduced to an 
anionic V(V)-V(IV) dimeric complex.^ ®-々 3 Furthermore, a thermally stable 
mononuclear alkyl derivatives [V{(SiMe3)N{CH2CH2N(SiMe3)2}}Me2(Py)] has also 
been prepared by the same research group (Chart 3-9).' 
严 e3 siMea 严 63 giMea 严 严 eg 
0 < : � V 沾 《 件 V y ] � N 少 一 )2 
\iMe3 Si(SiMe3 s^iMes 、‘一 、 ^ ' ^ S i M e y 
Cloke et a / . " 
Chart 3—9 
81 
3.1.4 An Overview on Vanadium(III) Amidinates 
In the 1980’s，considerable research efforts have been devoted to the 
development of amidinates ligands with various steric environments owing to the 
synthesis of stable vanadium complexes containing metal-metal multiple bonds, i。’ 45 
In 1988, by employing the bidentate and chelating formamidinato ligand 
[(H)C {N-(p>-tolyl)} 2]~ Cotton and co-workers have reported the preparation and 
structural characterization of the mononuclear vanadium(III) complex 
[VCt/^-CsHs) {(H)C {N-(p-tolyl)}2} 2], which was obtained unexpectedly by the 
reaction of VCp2 with [(H)C{HN-(/?-tolyl)} {(N-(;>-tolyl)}] (Chart 3-10)/^ A few 
years later, the homoleptic rrw-chelating vanadium(III) complex 
[V{(H)C {N-(p>-tolyl)}2}3] has also been reported by the same research group. The 
latter complex was obtained by salt metathesis reaction of [VCl3(THF)3] with 
[Li(H)C{N-(p-tolyl)}2] (Chart 3-10)/^ '' 
M / 
Cotton et 46 
Chart 3-10 
In 1996, Gambarotta and co-workers reported a series of vanadium(III) 
amidinates supported by amidinate ligands with different steric hindrance. By 
employing the monoanionic chelating ligands [CyNC(R)NCy]~ (R = H or Me), the 
dimeric doubly chloro-bridged [V {CyNC(H)NCy} 20-Cl)]2, monomelic 
[V{CyNC(Me)NCy}2Cl] and homoleptic [V{CyNC(Me)NCy}3] complexes have 
been successfully prepared and structurally characterized (Chart 3-11)/'' On the 
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other hand, by using the silyl amidinate ligand [(Me3Si)NC(Ph)N(SiMe3)]一，the six-
and five-coordinate vanadium(III) complexes, 
[V{(Me3Si)NC(Ph)N(SiMe3)}Cl2(tmeda)] and [V{(Me3Si)NC(Ph)N(SiMe3)}2Cl]， 
have also been synthesized (Chart 3-11)/， 
R X P � ME R 
R r Z ^ ^ ^ ^ R R 
Me Me R 
R = Cy 
SiMea ci SiM^ 人 ^SiMes 
P《(N 八 〕 /「 C I 
/ / \ Z^V-^N、 
SiMeaCI SiMea y SiMeg 
Ph 
Gambarotta et a//? 
Chart 3-11 
Two years later, by employing the ancillary amidinate ligands 
[(Ph)C(NSiMe3)2]~ and [(^ Bu)C(N'Pr)2]~ Teuben et al have reported the preparations 
of mononuclear vanadium(III) chloro complexes, including [V {('Bu)C(N'Pr)2} 2CI], 
[V{('Bu)C(N'Pr)2}(THF)2Cl2], [V{(Ph)C(NSiMe3)2}2(THF)Cl] and 
[V{(Ph)C(NSiMe3)2}2Cl] (Chart 3-12)/« Moreover, alkyl and allyl vanadium(III) 
complexes [V{('Bu)C(N'Pr)2}2Cl] (R = M e or rj^-CiUs) and [V{(Ph)C(NSiMe3)2}2R] 
(R = Me, Et or "3一C3H5) have also been reported (Chart 3-12)/® Furthermore, by 
employing an amidinate ligand bearing a pendant amine functionality, the monomeric 
vanadium(III) complex [V{(Me3SiN)C(Ph)(NCH2CH2NMe2)}(THF)Cl2] has also 
been reported. The latter provides a single-site catalytic system for the 
polymerization of ethane when AlEtsCl was used as cocatalyst (Chart 3-12).®" 
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'Bu V Ph SiMea Ph SiMea ,,。. ^^^ 
卜 入 Y T ^ N 叫,\ THF 
.、、、、CI MesSi-^. >^THF MeaSr^... t ,、、、〇1 
？Z羊、CI Me3Si、N^CI MesSi-^^^ ” 年 
/ W n 人 Tp W N , W N . H 
C Y THF p f � S i M e 3 p f SiMe] ^ \ 




By employing the symmetrical monoanionic pentafluorobenzamidinate ligand 
[(C6F5)C(NSiMe3)2]—，Hessen et al have recently reported the synthesis of the neutral 
vanadium(III) ^w-benzamidinate complexes [V{(C6F5)C(NSiMe3)2}2R(THF)] and 
[V{(C6F5)C(NSiMe3)2}2R] (R = CI or Me) (Chart 3-13)，The vanadium(III) 
methyl complex was found to be more active in catalytic ethane oligomerisation than 
its non-fluorinated analogue.®'' 
CeFs S^iMea CeFg S^iMeg 
MesSiz^ "',. ^ THF MeaSr'^ '"... 
V〈 .V-R 
M e 3 S i � N 广 R MeaSKN^ 
d ^ SiMe3 deFs 
R = CI or Me 
Hessen et a/， 
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3.2 AIMS OF OUR STUDIES 
In the past decade, amido and amidinato complexes of vanadium(III) have 
attracted much attention due to their applications in a various areas, especially in 
development of stable metal complexes for dinitrogen fixation, metal-metal multiple 
bond formation, and olefin polymerization catalysis. Previous studies by other 
research groups have demonstrated that the bidentate and chelating effects of both 
pyridyl and symmetrical benzamidinate ligands could stabilize monomeric or dimeric 
vanadium(III) compounds such as [V {[N(SiMe3)(2-C5H3N-4-Me)]3] 
[V{(H)C{N|tolyl)}2}3]，45d and [V{CyNC(H)NCy}2C«-CI)]:/? 
Very recently, the unsymmetrical lithium benzamidinate ligand 
[Li{N(SiMe3)(Ph)C(NAr)}(tmeda)] (Ar = 2�6-Me2C6H3) has been developed by a 
previous member of our research g r o u p . W e have been interested in the 
chemistry of metal complexes supported with sterically demanding amido"^"" and 
benzamidinato ligands.'^ ""' 
In this part of our studies, by employing the in—situ prepared potassium amide 
[KL'] (L! = [N(SiBu'Me2)(2-C5H3N-6-Me)]~)/^ and the monoanionic benzamidinate 
ligand [(Ph)C{N(SiMe3)}(NAr)] 一丨 4 (Ar = 2�6~Me2C6H3) ([I?]—)，we have 
successfully prepared vanadiiim(III) amido and benzamidinato complexes supported 
by the V and I? ligands. 
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3.3 RESULTS AND DISCUSSION 
3.3.1 SYNTHESIS AND STRUCTURES OF DINUCLEAR 
VANADIUM(III) AMIDES 
3.3.1.1 Synthesis of [V(L^ )2(//-C1)]2 (10) 
The reaction of [VCl3(THF)3] and 2 molar equivalents of the potassium 
amide KL^ (prepared by the reaction of 1 with 1.5 molar equivalents of K H in EtzO) 
in THF at 0 °C resulted in an immediate formation of a deep wine red reaction 
mixture, whose colour persisted upon warming to room temperature (Scheme 3-2). 
Removal of all the volatiles in vacuo and recrystallization of the residue from toluene 
gave the doubly chloride-bridged vanadium(III) dimer[V(L^ )2Cw-Cl)]2 (10) as dark 
red crystals in 68 % yield. 
f h � , 
H MezBu 也—N,,, \ 、、、N—S 旧 u'Meg 
^ ' ^ Y SiBu'Me2 ( i ) K H ’ E t 2 0 , r . t . , 4 h r ^ . . > � , ' � ' ' . . . . . U 
2 (ii) [VCl3(THF)3], THF, r.t., 12 hT M e z B u ' S i ^ ^ ^ / ^ ^ N ' S i B u ' M e z 
1 Cr 力 
10 68 % 
Scheme 3-2 
Compound 10 is highly sensitive towards air and moisture, and is soluble in 
common solvents such as toluene and THF, but sparingly soluble in diethyl ether. 
Attempts to prepare a monochloro V(III) amide by the reaction of [VCl3(THF)3] 
adduct with two molar equivalents of [LiL^  (tmeda)] (2) in diethyl ether for one day 
afforded a light blue crystalline product, which has been proved by mass spectrometry 
to be the reduced V(II) complex [V{rrafW5-(tmeda)2}CI2] (Scheme 3-3).^ ^ 
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M e � / “ \ , M e 
Mez\/、Me 
2 乂丨\ + [VCl3(THF)3] ——• [V(tmeda)2Cl2] 
\ 广丫 N\si,BuMe2 
2 
Scheme 3-3 
Attempts to prepare homoleptic V(III) amide by the reaction of [VCl3(THF)3] 
with three molar equivalents of [LiL^tmeda)] (2) in toluene at 40^5 °C for 1 day 
afforded a deep red solution. Unfortunately, attempts to isolate the products from 
the reaction mixture have been unsuccessful. (Scheme 3-4) 
Me" \ y Me Toluene 
3 + [VCl3(THF)3] 40-45 ° C , 1 d ^ No isolable product 
2 
Scheme 3-4 
Moreover, attempts to prepare monochloro and homoleptic V(III) amido 
complex by the reaction of [VCl3(THF)3] with two and three molar equivalents of the 
potassium amide [KL^(tmeda)]2/° respectively, in THF and refluxing toluene for 1 
day, afforded a dark red solution. However, attempts to isolate the products from the 
reaction mixture have also been unsuccessful. (Scheme 3-5) 
THF 
2 [KLi(tmeda)�2 + [VCbCTHFh] T T T d ^ No isolable product 
Toluene 
3 [KLi(tmeda)]2 + [VCl3(THF)3] Reflux 1 d ^ No isolable product 
Scheme 3-5 
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3.3.1.2 Reactivity Studies 
1. Reaction of Compound 10 with Potassium Metal 
W e anticipated that the trivalent vanadium center could be reduced to lower 
oxidation state with the metal-metal bond formation/? However, treatment of 10 
with excess potassium metal at room temperature afforded a dark grey solid which 
remained unidentified (Scheme 3-6). 
f h ^ 
MesBu'Si-N,, \ .^N-SiBu'Mez ^ ^ ,, 
''••. \ �� .���CI ' , , , , ,  � � Excess K metal 
� \ l又 • No isolable product 
\ ^ N - S i B u ' M e 2 toluene, r.t.. 2 d 
10 
Scheme 3-6 
2. Reaction of Compound 10 with Methyllithium 
Attempts to replace the chloride ligands of 10 with a methyl ligand have been 
unsuccessful (Scheme 3-7). Reaction of 10 with methyllithium in toluene for 1 hour 
afforded a black solution. Removal of all the volatiles from the solution in vacuo 
gave a black solid, which remained unidentified. Failure to isolate the desired 
methyl complex may be attributed to the strong reducing property of LiMe and the 
low stability of the intermediate oxidation state of the vanadium metal center. 
f h 々 . 
MezBu 知一 N,, \ 广, 、、、N、S 旧i/Me2 
\ . . . .»���CI" , � � � 2.2 equiv. LiMe 
• No isolable product 




3. Reaction of Compound 10 with Sodium Triethylborohydride 
W e anticipated that the two V(III) metal centers in 10 could be reduced to a low 
oxidation state/? However, treatment of 10 with NaHBEta in toluene for 1 day 
afforded a brown solution (Scheme 3-8). Attempts to isolate any reaction product 
from the reaction mixture have been unsuccessful. 
MezBu'Si-N,, \ 。， 、、、N~S 旧 i/Me2 
\ ..I,��CI / , � 2.2 equiv. NaHBEta 
• No isolable product 




4. Reaction of Compound 10 with LiCH2(SiMe3) 
Attempts to replace the chloride ligands of 10 with the [CH2(SiMe3)]_ ligand have 
also been unsuccessful (Scheme 3-9). Reaction of 10 with LiCH2(SiMe3) in toluene 
for 2 days afforded a deep violet crystalline solid, which was confirmed by mass 
spectroscopy to be the starting material. 
Q- ^ 
M e j B u ' S i - N , , \ p , � � � N � S 旧 lA/leg � � . 
^ \ � � , � � � C I " , , . , . � � � � 2.2 equiv. LiCHzSiMeg 
• No reaction 
MesBu'Si^N^/ ^ C l ^ ^^N—SiBuW? 丁。丨咖®,「t., 2d 




3.3.1.3 Synthesis of [V(L )^2(//-H)]2 (11) 
Although attempts to reduce compound 10 with potassium metal or 
NaHBEts have been unsuccessful, treatment of 10 with excess LiAlILt in toluene at 
room temperature yielded the dimeric vanadium(III) hydride complex 11 (Scheme 
3-10). Compound 11 was obtained as shiny red crystals in 42 % yield. The 
compound is sensitive towards air and moisture, soluble in all common hydrocarbon 
solvents, and can be recrystallized from hexane. 
MezBu'Si-N,, \ 、、、N、S 旧 u'Mez MezBu'Si-N., \ ^ 、、、N—S 旧 i/Mej 
\ ,,’>�,�CII , � Excess LiAHt '‘.... \ , � . � ' � � H ' ' / , � � 
MezBu'SK^ ^‘ ^ ^ C f ^ '\^ N-SiBu'Me2 「丄，12 h MezBu'SK^ ,^ 丨 \\N-S旧u'Mez 
t v ^ t v ^ 
1 0 1 1 4 2 % 
Scheme 3-10 
3.3.1.4 Physical Characterization of Compounds 10 and 11 
Compounds 10 and 11 have been characterized by and '^ C N M R , IR 
spectrometry, mass spectrometry (E. I. 70 eV), elemental analysis, magnetic moment, 
and melting-point measurement, in addition to single-crystal X-ray diffraction 
studies. Table 3-1 lists some physical properties of compounds 10 and 11. 
Table 3-1. Some Physical Properties of Compounds 10 and 11. 
Compound Yield (%) Color M.p. fC) 
10 68 Shiny purple crystals 163—168 (dec.) 
11 42 Shiny red crystals 202-208 (dec.) 
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Compound 10 is paramagnetic which shows only broad signals in ^H 
N M R spectrum. Its magnetic moment has been measured by the Evans N M R 
method in toluene solution at 298 K. Interestingly, the structurally characterized 
dimeric complex 10 exhibits a reduced magnetic moment of yWeff = 1.78 //b (per 
vanadium), which is too low to be consistent with the spin-only value for two 
unpaired electrons (weff = 2.83 /uq). This result may be attributed to two possibilities: 
(i) the dimeric compound 10 retains its integrity in solution and the two cP V(III) 
metal centers exhibit a certain degree of antiferromagnetic coupling, resulting in a 
reduced magnetic moment; and (ii) there is an equilibrium between a monomelic and 
dimeric structures of 10 in the solution state. 
In contrast to 10，complex 11 was found to be diamagnetic and, thus, 11 
has been characterized by and ^ C^ N M R spectroscopy. Conceivably, the hydride 
compound 11 favors the formation of a dimeric structure in solution state and, thus, 
the two V(III) centers undergo a strong antiferromagnetic coupling. These findings 
are particularly interesting as no precedent example of the diamagnetic vanadium(III) 
hydride complexes supported by chelating amido ligands has been reported. Only 
the paramagnetic [V{(SiMe3)N{CH2CH2N(SiMe3)2}}C"-Cl)]2 (weff = 2.78 jub) and 
[V{(SiMe3)N{CH2CH2N(SiMe3)2}}(//-H)]2 0"eff = 1.76 mb per vanadium), which 
exhibited a strong antiferromagnetic coupling between two vanadium centers, have 
been reported.' 
Since compound 11 has a binuclear and symmetrical structure with two L^ 
ligand coordinated to each V(III) metal center, it shows only one set of resonance 
signals in its and ^ C^ N M R spectra. Similar behaviour was also observed for the 
dimeric [Ti(L')Cl3(jW-Cl)]2 (3) described in the previous chapter. 
The N M R spectrum of compound 11 showed two singlet peaks at -0.03 
and 0.24 ppm, are assignable to two M e substituents of the SiBu'Me] group. This 
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suggests that the two M e substituents are magnetically nonequivalent in the presence 
of a chiral metal center. The singlet resonance at 1.02 ppm is due to the tert-hutyl 
group and the singlet signal at 2.27 pm is assignable to the 6-Me substituent on the 
pyridine ring. Three sets of resonances due to the pyridyl protons are observed at 
5.92-6.96 ppm. The positions of these pyridyl protons are assignable based on the 
delocalization of negative charge from the amido nitrogen to the pyridyl ring." 
The i3c{H}NMR spectrum of compound 11 showed two resonances 
at -3.20 and -2.99 ppm, respectively, which are assignable to the SiMe2 moieties. 
The resonance at 20.5 ppm is due to the quaternary carbon on the SiBu'Me2 group. 
The low intensity signal of the quaternary carbon is attributed to its slow relaxation 
rate. The 6-Me carbon on the pyridine ring of compound 11 occurs as a singlet at 
21.4 ppm and the resonance at 27.6 ppm is due to the tert-huXyl group. Resonance 
signals for the pyridyl carbons occur at 109.1-167.1 ppm. 
The IR spectra of compounds 10 and 11 (Appendice 2-15 and 2-19) 
showed a few absorption bands in the 2852-2951 and 2854-2953 regions 
respectively. These may be assignable to C-H stretchings due to the amido ligands. 
The strong band occurring at 1588 and 1451 cm"' for 10，and 1598 and 1459 for 
11 are due to C-C and C-N stretchings of the pyridine ring. A strong band observed 
at 1321 cm-i for 10, and the medium bands occurring at 1356 and 1331 cm"' for 11 
are due to C-N stretchings of the amido nitrogen group. A few medium bands 
observed at 1242, 1161 and 1075 cm"' for 10，and 1246，1168 and 1093 cm"' for 11 
may be assignable to in-plane C-H bendings. A weak band at 895 cm"^ occurring in 
the spectrum of compound 11 was tentatively assignable to V-H stretching, since no 
such absorption was observed in the spectrum of compound 10.^  In addition, the 
^ The V-H stretching observed in our study occurred at a frequency similar to that of the Hf—H 
stretching (at 894 cm"') observed for compound 8. 
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strong bands occurring at 824 and 786 for 10，and 840，829 and 786 cm"^ for 11 are 
due to out-of-plane C-H bendings. 
No molecular ion peak [M]+ at m/z = 1058 was observed in the mass 
spectrum of compound 10. The spectrum showed only fragmentation peaks due to 
[V(L')2C1]^  (528，7 %), [V(Li)2Cl-Bu"r (471，33 %) and [iJ-Bu^T (165，100 %). 
For the mass spectrum of compound 11，no molecular ion peak [M]+ at m/z = 990 was 
observed, but fragmentation peaks for [V(l1)2H]+ (494，12 %), [V(l1)2]+ (493，28 %) 
and [L1-BU']+(165，61 %). 
Results of elemental analysis for compound 10 were consistant with its 
empirical formula. However, satisfactory elemental analysis data could not be 
obtained for 11. This may be attributed to a high sensitivity of 11 towards air and 
moisture. 
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3.3.1.5 Molecular Structures of Compounds 10 and 11 
1. Molecular Structure of Compound 10 
The molecular structure of compound 10 with the atom numbering scheme is 
depicted in Figure 3-1. Selected bond lengths (A) and angles (deg) are listed in 
Table 3-2. 
Compound 10 crystallizes in a triclinic crystal system with the space group PT. 
The compound consists of two six-coordinate vanadium(III) metal centers each of 
which has a distorted octahedral geometry. The two metal atoms are linked by a pair 
of bridging chloride atoms, and coordinated to two bidentate '-chelating L^ 
ligands. 
For each vanadium center in 10, the two amido nitrogen atoms ([N(l) and N(3)] 
or [N(5) and N(7)])，and the two bridging chloride ligands [Cl(l) and Cl(2)] form an 
almost planar geometry around the metal center [sum of bond angle around V(l)= 
365.35 ° and around V(2) = 365.41°]. In compound 10, an ideal octahedral 
arrangement cannot be achieved due to the highly strained 77^ -coordination binding 
mode of the four ligands. Moreover, the two vanadium atoms and the two 
bridging chloride atoms forms a square planar V2CI2 structural motif, which is similar 
to that of the TizCl] square planar structure in [Ti(L')Cl30-Cl)]2 (3). 
The V - N a m i d o bond distances of 1.992(3)-2.002(3) A in 10 are longer than those 
of 1.929(3)-! .937(3) A in the dimeric [Ti(L')Cl3C«-Cl)]2 (3). This may be attributed 
to the increase in steric hindrance as two terminal chloride ligands in 3 are replaced by 
two TV,TV'"Chelating L^ ligands in 10. When comparing with monomeric V(III) 
amides, they are longer than those of 1.937(2)-1.961(2) A in the tetrahedral 
[V(NCy2)3(THF)]，2a 1.943(2)-1.973(2) A in [V{N(SiMe3)2}2Me(THF)],^^ 
1.944(3)-1.977(3) A in [V{NPh(SiMe3)}3(THF)],2f and are much longer than those of 
1.900(3)-l.945(3) A in the homoleptic [ V { N ( A d ) ( 3 , 5 - M e 2 P h ) } 3 ] M o r e o v e r , they 
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are comparable to those of 1.946(3)-2.103(3) A in 
[V{N(SiMe3)2} {N(SiMe3)Si(CH3)2C(=CH2)NBu'}(py)]?a When comparing with 
dimeric V(III) amides, they are significantly longer than those of 1.902(5)-l .906(5) A 
in [V{[(Me3Si)NCH2CH2]2N(SiMe3)}C""Cl)]2,9 1.921(6)-1.946(5) A in the 
four-coordinate [V{N(SiMe3)2}{(//-CH2)SiMe2N(SiMe3)}]2,'' and are slightly longer 
than those of 1.958(5)-1.965(5) A in the anionic nitrido-bridged 
[V{N(SiMe3)2}2C«-N)]2 一产 and 1.956(5)-1.999(6) A in 
[V{N(SiMe3)2}{N(SiMe3)SiMe2CH2}2{K(THF)2}]2.3c 
The V-Npyridyi bond distances of 2.119(2)-2.130(3) A in 10 are significantly 
shorter than the Ti-Npyridyi bond distances of 2.171(2)-2.172(2) A in 3 and 
2.165(4)-2.181(4) A in [VCbCpy)]]?， 
The asymmetric V-Clbridging bond distances of 2.454(1)-2.504(1) A in 10 are 
comparable to the corresponding distances of 2.477(l)-2.500(1) A in 3，but are longer 
than those of 2.371 (2)-2.459(2) A in [V{[(Me3Si)NCH2CH2]2N(SiMe3)}(//-Cl)]2，9 





Molecular Structure of [V(L )^2(/i-Cl)]2 (10). 
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Table 3-2. Selected Bond Distances (A) and Angles (deg) for Compound 10 
[V(L^)2(//-C1)]2 (10) 
V ( l ) -N( l ) 2.002(3) V( l )-N(2) 2.119(2) 
V( l )-N(3) 1.994(3) V( l )-N(4) 2.130(3) 
V(2)-N(5) 1.997(3) V(2)-N(6) 2.126(3) 
V(2)-N(7) 1.992(3) V(2)-N(8) 2.121(3) 
V(1)-C1(1) 2.50(1) V(1)-C1(2) 2.45(1) 
V(2)-C1(1) 2.47(1) V(2)-C1(2) 2.48(1) 
N ( l ) -C ( l ) 1.367(4) N(2)-C(l ) 1.356(5) 
Si(l)-N(l) 1.741(3) V(1)...V(2) 3.786 
Cl(2) - V(l) - Cl(l) 80.28(3) Cl( l)-V(2) - Cl(2) 80.36(3) 
V(2)-C1(1)-V(1) 99.10(4) V(1)-C1(2)-V(2) 100.12(4) 
N ( l )-V( l )-N(2 ) 65.9(1) N(3)-V(l )-N(4) 66.0(1) 
N(5)-V(2)-N(6) 65.8(1) N(7) - V(2) - N(8) 65.9(1) 
N ( l )-V( l )-N(3 ) 102.0(1) N( l )-V( l )-N(4 ) 105.0(1) 
N(3)-V( l )-N(2) 103.5(1) N(2) - V(l )-N(4) 165.2(1) 
N(7)-V(2)-N(5) 100.5(1) N(5) —V(2)-N(8) 104.8(1) 
N(7)-V(2)-N(6) 105.3(1) N(8) - V(2)-N(6) 166.4(1) 
N(1)-V(1)-C1(1) 90.47(9) N(3)-V(1)-C1(2) 92.63(8) 
N(5)-V(2)-C1(1) 94.78(9) N(7) - V(2) - Cl(2) 89.75(9) 
C ( l ) -N ( l ) -V ( l ) 93.9(2) C ( l )-N(2 )-V( l ) 89.2(2) 
C(25)-N(5)-V(2) 94.3(2) C(25)-N(6)-V(2) 89.1(2) 
C(l)-N(l)-Si(l) 127.2(2) Si(l)-N(l)-V(l) 138.4(2) 
C(25)-N(5)-Si(3) 127.4(2) Si(3) - N(5) - V(2) 137.7(2) 
N(2)-C(l)-N(l) 110.9(3) N(4)-C(13)-N(3) 110.6(3) 
N(6)-C(25)-N(5) 110.8(3) N(7)-C(37)-N(8) 110.6(3) 
97 
2. Molecular Structure of Compound 11 
The molecular structure of compound 11 with the atom numbering scheme is 
depicted in Figure 3-2. Selected bond lengths (A) and angles (deg) are listed in 
Table 3-3. 
Compound 11 crystallizes in a triclinic crystal system with the space group PI. 
The compound is isostructural to compound 10, which also consists of two 
six-coordinate vanadium(III) metal centers with a distorted octahedral geometry. 
For each vanadium center in 11，the two amido nitrogen atoms ([N(2) and N(4)] or 
[N(6) and N(8)]), and the two bridging hydride ligands [H(l) and H(2)] form a square 
planar geometry around the metal center. Due to the same reasoning as for 
compound 10, an ideal octahedral geometry cannot be achieved in 11. Moreover, 
the two vanadium atoms and the two bridging hydride atoms forms a square planar 
V2CI2 structural motif, which is similar to the TisCh structural motif in 
[Ti(Li)Cl2(//-Cl)]2 (3). 
The V-Namido bond distances of 1.963(3)-2.035(3) A in 11 are comparable to 
those of 1.992(3>-2.002(3) A in 10. When comparing with mononuclear V(III) 
amides, they are marginally longer than those of 1.937(2)~1.961(2) A in the 
four-coordinate [V(NCy2)3(THF)]产 1.943(2)-1.973(2) A in 
[V{N(SiMe3)2}2Me(THF)]，39 1.944(3)-1.977(3) A in [V{NPh(SiMe3)}3(THF)]严 and 
are much longer than the corresponding bond distances of 1.900(3)-1.945(3) A in 
the homoleptic [V {N(Ad)(3,5-Me2Ph)} 3] However, they are similar to those of 
1.946(3)-2.103(3) A in [V{N(SiMe3)2}{N(SiMe3)Si(CH3)2C(=CH2)NBu)(py)].3a 
When comparing with dinuclear V(III) amides, they are significantly longer than 
those of 1.902(5)-1.906(5) A in [V{[(Me3Si)NCH2CH2]2N(SiMe3)}0"Cl)]2.9 
Moreover, they are longer than those of 1.921(6)-1-946(5) A in the four-coordinate 
[V{N(SiMe3)2}{C""CH2)SiMe2N(SiMe3)}]2,3d and 1.958(5)-1.965(5) A in the anionic 
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nitrido-bridged [V{N(SiMe3)2}2C«-N)]2~.^ ® However, they are comparable to the 
corresponding distances of 1.956(5)-1.999(6) A in 
[V{N(SiMe3)}{N(SiMe3)SiMe2CH2}2{K(THF)2}]2.3c 
The V-Npyridyi bond distances of 2.021 (2)-2.045(2) A in 11 are shorter than those 
of 2.119(2)-2.130(3) A in 10，and are shorter than those of 2.165(4)-2.181(4) A in 
[VCl3(py)3]," and the Ti-Npyndyi bond distances of 2.171 (2)-2.172(2) A in 3. 
The estimated H(1)...H(2) and V(1)...V(2) distances of 1.79 and 2.804(1) A, 
respectively, in compound 11 are comparable to the corresponding distances of 1.83(3) 
and 2.852(1) A, respectively, reported for 
[V{[(Me3Si)NCH2CH2]2N(SiMe3)}(//—H)]2.' On the other hand, the V(1)".V(2) 
distance in 11 is much shorter than that of 3.786 A in the chloro-bridged 
vanadium(III) compound 10. This finding is somewhat surprising since the ionic 
radius of 2.08 A for a hydride anion is greater than that of 1.67 A for a chloride 
anion," and thus the theoretical distance between the two d^ vanadium metal centers 
in 11 should be longer than that of 10. 
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Figure 3-2. Molecular Structure of [V(L*)2Cm-H)12 (11). 
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Table 3-3. Selected Bond Distances (A) and Angles (deg) for Compound 11 
[V(L^)2(//-H)]2 (11) 
V( l )-N( l ) 2.040(2) V(l)-N(2) 1.963(3) 
V(l)-N(3) 2.045(2) V(l)-N(4) 1.968(3) 
V(2)-N(5) 2.028(2) V(2)-N(6) 2.035(3) • 
V(2)-N(7) 2.021(2) V(2)-N(8) 2.025(3) 
N(l)-C(5) 1.294(4) N(2) - C(5) 1.352(4) 
Si(l)-N(2) 1.796(3) 屯⑴…H(2) 1.79 
V ⑴…V(2) 2.804(1) 
N( l )-V( l )-N(2 ) 65.9(1) N(5)-V(2)-N(6) 66.7(1) 
N(3)-V(l )-N(4) 66.0(1) N(7) - V(2) - N(8) 66.6(1) 
N(2)-V(l)-N(4) 102.5(1) N(6)-V(2)-N(8) 98.6(1) 
N( l )-V( l )-N(3 ) 164.4(9) N(5) - V(2) -N(7) 162.7(9) 
N( l )-V( l )-N(4 ) 103.9(1) N(5)-V(2)-N(8) 101.9(1) 
N(2)-V( l )-N(3) 103.6(1) N(6) - V(2) - N(7) 101.2(1) 
C (5 )-N( l )-V( l ) 90.8(2) C(5)-N(2)-V(l ) 92.4(2) 
C(29)-N(5)-V(2) 91.9(2) C(29) — N(6) - V(2) 91.4(2) 
C(5)-N(2)-Si( l) 127.9(2) S i ( l )-N(2)-V( l ) 137.0(2) 
C(29)-N(6)-Si(3) 128.7(2) Si(3) - N(6) - V(2) 139.0(2) 
N ⑴-C(5 )-N(2 ) 110.8(3) N(3) - C(17)-N(4) 109.6(2) 
N(5)-C(29)-N(6) 110.1(3) N(7) - C(41)-N(8) 110.2(2) 
^ The H"-H distance was calculated based on the structural data of 11 since the hydride ligands could 
not be determined by X-ray diffraction studies. 
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3.3.2 SYNTHESIS AND STRUCTURE OF MONONUCLEAR 
VANADIUM(III) BENZAMIDINATE 
3.3.2.1 Synthesis of [Li(L^)(tmeda)] (13) (L^ = 
[PhC(NSiMe3)(NC6H3Me2-2,6)]) 
Preparative procedures of the two lithium reagents : 
[Li{N(SiMe3)(2，6-Me2C6H3)}(tmeda)] (12) and [Li(L^ )(tmeda)] (13) have been 
reported previously (Chart 3-14).''' 
r r 
. 怜 " r v c f • ， 
z \__/ \ / \ 
MesSi 
1 2 13 
Chart 3-14 
Compound 13 was employed as a ligand—transfer reagent as described in 
the following section. 
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3.3.2.2 Synthesis of [V(L^)2C1] (14) and /r««5-[V(tmeda)2Cl2] (15) 
Synthesis of the donor ligand-free mononuclear vanadium(III) 
Z?/5-benzamidinate [V(L^ )2C1] (14) has been achieved by the salt metathesis reaction 
of [VCl3(THF)3] with two molar equivalents of the lithium benzamidinate 13 in 
diethyl ether at ambient temperature (Scheme 3-11). 
； a i f 
Z � \ CI ,SiMe3 
X A .N N 
MeaSi MeaSi \ 
； 办 
1 3 ^ ^ 
1 4 3 3 % 
CI 
\ / \ / 
N 、 ^ N 
+ 八 N � 
/ \ / \ 
CI 
1 5 1 0 % 
Scheme 3-11 
Compound 14 was isolated as reddish brown crystals in 33 % yield while the 
side product, trans-[Y {(tmeda)2} CI2] (15) (tmeda = 
NJV,N ',N -tetramethylethylenediamine), was obtained as bluish green crystals in 10 
% yield. Both compound 14 and 15 are sensitive towards air and moisture, and are 
soluble in diethyl ether and toluene, but only sparingly soluble in hexane. Attempts 
to obtain analytically pure crystals of compound 14 by recrystallization from toluene 
or diethyl ether or a mixture of THF:hexane (1:1) have been unsuccessful due to the 
presence of the reduced V(II) compound 15. 
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3.3.2.3 Reactivity Studies 
1. Reaction of Compound 14 with Lithium Anilide 
W e anticipated that replacement of the chloride ligand in compound 14 could be 
achieved by using the anilido ligand [NH(C6H3Bu^2-2,5)]~ However, treatment of 
14 with [Li{NH(C6H3BuV2,5)}] in toluene at room temperature afforded reddish : 
brown crystals, which were confirmed by melting-point measurement to be the 
starting material (Scheme 3-12). 
\ CI ,SiMe3 
y ^ / = \ 1 equiv. [LiNH{(2,5-Bu')C6H3}] 
' V c J ) /) >- No reaction 





2. Reaction of Compound 14 with Potassium Hydride 
W e anticipated that the chloride ligand in compound 14 could be replaced by 
using a hydride reagent such as potassium hydride. Treatment of compound 14 with 
excess potassium hydride in toluene at room temperature afforded a reddish brown 
compound, which was confirmed by X-ray diffraction studies to be the starting 
material (Scheme 3-13). 
\ CI ,SiMe3 
入 入 
\ X V f = \ Excess KH 
f V c J X /) >- No reaction 
\ = J Z \ J / \ J / Toluene, r.t., 1 d 
N N 




3. Reaction of Compound 14 with Sodium Metal 
W e anticipated that reduction of vanadium(III) benzamidinate complexes by 
employing strong reducing agents such as potassium or sodium metal would result in 
the formation of a metal-metal bond."" Unfortunately, reaction of compound 14 with 
excess Na metal in toluene at room temperature for 2 days gave a black solution, : 
which may be ascribed to the decomposition of 14 (Scheme 3-14). 
\ CI ,SiMe3 
入 /K 
/ ) \ / / \ / = \ Excess Na metal 
( ( V C J X ) C - < \ /) Black solution 
\ = J y \ ) / \ - J Toluene, r.t., 2 d 
N N 
: MegSi \ 
1 4 
Scheme 3-14 
4. Reaction of Compound 14 with Methyllithium 
Attempts to replace the chloride ligand in compound 14 with a methyl ligand have 
been unsuccessful. Reaction of 14 with 1.1 molar equivalents of LiMe in toluene at 
room temperature afforded a black solution. Removal of all the volatiles in vacuo 
gave a black sticky solid (Scheme 3-15). Failure of the reaction may be ascribed to 
the low stability of the intermediate oxidation state of the metal center. 
\ CI .SiMea 
入 入 
/T"^ \ / ^ /=\ 1.1 equiv. LiMe 
( V c ( /V. ) C - < \ /) _ Black sticky solid 






5. Reaction of Compound 14 with Lithium Aluminium Hydride 
Attempts to abstract the chloride ligand in compound 14 by employing the 
reducing agent LiAlH4 have also been unsuccessful. Reaction of compound 14 with 
LiAlH4 in toluene at 65-70�C for 12 h gave a pale yellow solution. However, 
attempts to isolate the reaction products from reaction mixture have been unsuccessful : 
(Scheme 2-16). 
\ CI ,SiMe3 
\ Z f = \ ^ c e s s LiAIH4 
C j X ^ C — / ) ^ No isolable product 
\ = J \ y Toluene, A . 12 h 
N N 
MeaSi \ z 
1 4 
Scheme 3-16 
6. Reaction of Compound 14 with Sodium Triethylborohydride 
Replacement of the chloride ligand in compound 14 by using another hydride 
source, NaBHEts, was also unsuccessful. Treatment of compound 14 with 1.1 molar 
equivalents of NaBHEts in toluene at room temperature for 1 d gave a dark 
purple/black solid, which was redissolved in THF to give a deep green solution. 
However, attempts to isolate the reaction products have been unsuccessful (Scheme 
3-17). 
\ CI ,SiMe3 
/ T - ^ I X V r = \ 1.1 equiv. NaBHEta 
( / ^ v /> ——Dark purple/ black solid 
/ \ Toluene, r.t, I d 
N N 




3.3.2,4 Physical Characterization of Compound 14 
Compound 14 has been characterized by mass spectrometry (E. I. 70 eV), 
elemental analysis and melting-point measurement, in addition to single-crystal 
X-ray diffraction studies. 
Compound 14 was isolated as reddish brown crystals with a melting-point 
of 288-295 °C (dec.). No molecular ion peak [M]+ at m/z = 677 was observed in the 
mass spectrum of 14. However, fragmentation peaks such as [M-Cl(+0)]+ (657，56 
%) (which may be due to the coordination of an oxygen atom to the vanadium metal 
center), • [M-Cl-(Ph)CN(+0)]^ (554， 65 %)， [1?]+ (296, 12 %)， 
[L2-N(C6H3Me2—2,6)]+ (176，100 % ) and [L^SiMe3)-N(C6H3Me2-2,6)]'- (103, 37 %) 
were observed. Satisfactory elemental analysis results could not be obtained for 14， 
probably due to a contamination of the compound by a small amount of 
rra«5-[V(tmeda)2Cl2] (15) present in the sample. 
3.3.2.5 Molecular Structure of Compound 14 
The molecular structure of compound 14 with the atom numbering scheme 
is depicted in Figure 3-3. Selected bond lengths (A) and angles (deg) are listed in 
Table 3-4. 
Compound 14 crystallizes in an orthorhombic crystal system with the 
space group The solid-state structure of 14 is mononuclear, with the 
vanadium metal center being chelated by two bidentate benzamidinate l} ligands and 
a terminal chloride ligand, forming two highly strained four-membered 
metallacyclic ring. The chloride atom Cl(l) defines two trigonal planes with the 
benzamidinate nitrogen atoms, one is formed by N(l), N(3) and Cl(l) atoms [sum of 
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bond angles around V(l) = 359.98。；whilst N(2)，N(4) and Cl(l) defines another 
trigonal plane [sum of bond angles around V(l) = 360.00。]. 
Delocalization of electron density over the amidinato N-C-N moiety is 
evidenced by the nearly identical C-N bond distances of 1.332(6)-1.349(6)人 
[N(l)-C(l) = 1.349(6) A，N(2)-C⑴=1.333(6) A, N(3)-C(21) = 1.332(6) A，and ‘ 
N(4)-C(21) = 1.332(6) A]. Moreover, each of the L^ ligands in 14 coordinates to the 
metal center in an unsymmetrical manner, which is evidenced by the observed 
V-Namidinate bond distances of 2 . 037 ( 4 )-2 . 079 ( 4 ) A. This may be attributed to the 
/ 
differences in both the electronic and steric effects of the SiMes and 2,6-Me2C6H3 
groups on the amidinato nitrogen atoms. Similar behaviors have also been observed 
in the late transition metals complexes (M = Mn, Fe, Co and Ni) of the \} ligands, 
which have been prepared by a previous member of our research group. 
The V-Namidinate bond distances of 2.037(4)-2.079(4) A in 14 are comparable 
to the corresponding distances of 2.032(5)-2.034(5) A in the six-coordinate 
[V{('PrN)2C('Bu)}Cl2(THF)2]，48 2.053(3)-2.096(3) A in the homoleptic 
[V{(H)C{NK^tolyl)}2}3]，45d 1.944(2)-2.158(2) and 1.969(3)-2.114(2) A in the 
monochloro V(III) complexes [V{(CyN)2C(Me)}2Cl] and [V{(Me3SiN)2C(Ph)}2Cl] 
respectively.''^  However, they are shorter than those of 2.094(5)-2.122(6) A in 
[V(;7-C5H5){(H)C{N-(^tolyl)h}2;r 
The V—CI bond distance of 1.580(4) A in the present complex is significantly 
shorter than the corresponding distances of 2.380(2)—2.395(2) A in the monomeric 
dichloro V(III) complex [V{('PrN)2C("Bii)}Cl2(THF)2]，482.300(1) and 2.306(2) A in 




C37 ^ I 
C25 
Figure 3-3. Molecular Structure 
of [V(L VI】(14). 
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Table 3-4. Selected Bond Distances (A) and Angles (deg) for Compound 14 
[V(L^)2C1] (14) 
V - N ( l ) 2 .037(4) V - N ( 3 ) 2.050(4) 
V - N ( 2 ) 2 .076(4) V - N ( 4 ) 2 .079(4) 
V - C ( l ) 2 . 4 7 8 ( 5 ) V - C ( 2 1 ) 2 . 4 7 1 ( 5 ) 
N ( l ) - C ( l ) 1 .349(6) N ( 2 ) - C ( l ) 1 .333(6) ; 
N ( 3 ) - C ( 2 1 ) 1 .332(6) N ( 4 ) - C ( 2 1 ) 1 .332(6) 
V - C l 1 .580(4) 
N(1)_V_N(2) 65.5(2) N(3)-V-N(4) 65.1(2) 
N ( 1 ) - V - N ( 3 ) 133.1(2) N ( 2 ) - V - N ( 4 ) 138.2(2) 
N ( l ) - V - N ( 4 ) 97 .6(2) N ( 3 ) - V - N ( 2 ) 97.8(2) 
C l - V - N ( l ) 1 1 2 . 5 ( 2 ) C l - V - N ( 2 ) 1 1 1 . 8 ( 2 ) 
C l - V - N ( 3 ) 1 1 4 . 4 ( 2 ) C l - V - N ( 4 ) 110.0(2) 
C ( l ) - N ( l ) - V 9 1 . 8 ( 3 ) C ( 2 1 ) - N ( 3 ) - V 9 1 . 4 ( 3 ) 
C ( l ) - N ( 2 ) - V 90.5(3) C ( 2 1 ) - N ( 4 ) - V 90.5(3) 
N(2)-C(l)-N(l) 112.1(4) N(4)-C(21)-N(3) 112.9(4) 
C ( l ) - N ( 2 ) - S i ( l ) 130.0(3) C ( 2 1 ) - N ( 4 ) - S i (2) 129.8(3) 
1 1 0 
3.4 EXPERIMENTALS FOR CHAPTER 3 
3.4.1 General Procedures 
All reactions were carried out under a purified nitrogen atmosphere using 
modified Schlenk techniques. Potassium hydride and «-butyllithium (LiBu") in 
hexane (ca. 1.6 M ) were purchased from Acros and used as received. Anhydrous ； 
VCI3 was purchased from Merck and used received. 
N, N,N',N -Tetramethylethylenediamine (tmeda) and benzonitrile were purchased 
from Alfar Aesar. Benzonitrile was distilled over CaH〗 before use. Lithium 
aluminium hydride was purchased from International Laboratory. The compounds 
[VCl3(THF)3]，" [Li {N(SiMe3)(2,6-Me2C6H3)} (tmeda)] and 
[Li {(SiMe3)NC(Ph)N(2,6-Me2C6H3)} (tmeda)] (13)^ '-'" were prepared according to 
literature methods. Solvents were dried over sodium metal and distilled over sodium 
potassium alloy (hexane and toluene) or sodium benzophenone (diethyl ether and 
THF) and degassed by freeze—thaw cycle three times before use. 
n 
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3.4.2 Synthesis of Compounds 
Synthesis of lY(L%(/i-C\)]2 (10) 
A solution of 1 (1.84 g，8.28 mmol) in diethyl ether (20 mL) was slowly 
added to a suspension of K H (0.49 g, 12.41 mmol) in diethyl ether (10 mL) at 0 °C. 
The reaction mixture was stirred at room temperature for 4 hours and filtered. All : 
the volatiles were removed in vacuo and the resulting white solid residue was washed 
twice with hexane and re-dissolved in THF (20 mL). At 0。C’ this solution was 
added dropwise into a slurry of [VCl3(THF)3] (1.57 g, 4.20 mmol) in THF (10 mL). 
A deep wine red reaction mixture was immediately formed. It was then allowed to 
warm to room temperature and stirred for 12 hours. All the volatiles were removed 
in vacuo and the dark purple-red residue was extracted with toluene (30 mL). It was 
filtered again and concentrated to approximately 10 m L under reduced pressure. 
Upon standing the solution at ambient temperature for a few days, compound 10 was 
obtained as dark red crystals. The product was washed twice with hexane and dried 
in vacuo. Yield: 1.50 g，1.42 mmol, 68 %. Mp: 163-168 °C (dec.). //eff= 1.76 jUb 
(per vanadium). IR (KBr, cm"^): 2951 (w)，2928 (w), 2852 (w)，1588 (s)，1451 (s)， 
1321 (s)，1242 (m)，1161 (m)，1075 (m), 824 (s) and 786 (s). M S (EI, 70 eV): m/z, 
(%) [V(l1)2C1]+ 528 (7)，[V(l1)2C1-BuT 471 (33) and [L'-Bu']+ 165 (100). Anal, 
found: C，55.44; H, 8.03; N，10.33 %. Calc. for C48H84V2N8Si4Cl2.1/2Et20: C, 54.82; 
H, 8.19; N, 10.23%. 
Synthesis of [V(l2)2Cm-H)] (11) 
To a solution of [V(L^ )2C«-C1)]2 10 (0.58 g，0.53 mmol) in toluene (30 mL) 
0 °C，was slowly added lithium aluminium hydride (0.12 g，3.16 mmol) in three 
portions. The reaction mixture was stirred at room temperature for 12 h. It was 
then filtered and all the volatiles were removed in vacuo. The brown residue was 
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then extracted with hexane (20 mL) to give a reddish brown solution. It was filtered 
again and concentrated to approximately 8 m L under reduced pressure. Shiny red 
crystals of 11 were obtained after standing the solution at room temperature for 1 day. 
Yield: 0.21 g, 0.22 mmol, 42 %. Mp: 202-208 °C (dec.). IR (KBr, cm"^): 2953 (w)， 
2929 (w), 2854 (w)，1598 (s)，1459 (s), 1356 (m)，1331 (m)，1246 (m), 1168 (m)，； 
1093 (m)，895 (w, V-H stretching), 840 (s), 829 (s) and 786 (s). M S (EI, 70 eV): 
m/z (%) [V(l1)2H]+ 494 (12)，[V(L^ )2]'" 493 (28) and [L'-Bu']"" 165 (61). N M R 
(300 MHz, CeDs)： 5 6.94 (t,J= 6.0 Hz, 4H, C5H3N)，6.42 (d，J= 6.0 Hz, 4H, C5H3N), 
5.93 (d, J = 6.0 Hz, 4H, C5H3N), 2.27 (s, 12 H，CH3), 1.02 (s，36H, SiBu'), 0.24 (s, 
12H, S'Mqi), -0.03 (s，12H，SiMez). N M R (75 MHz, CeDg): 5 167.1，153.4, 
140.6，110.7, 109.1 (C5H3N), 27.6 (SiC她力，21.4 (MeCsHsN), 20.5 (SiCMes), -2.99 
(SiMe2), -3.20 (SiMe》. Anal, found: C，60.35; H, 9.17; N，11.73 %, Calc. for 
C48H86V2N8Si4： C, 58.26; H, 8.76; N，11.32 %. 
Synthesis of [V(L^ )2(C1)] (14) 
A solution of 13 (1.67 g, 3.98 mmol) in diethyl ether (30 mL) was slowly added 
to a suspension of [VCl3(THF)3] (0.75 g, 2.00 mmol) in diethyl ether (20 mL) at 0 °C. 
The reaction mixture was stirred at room temperature for one day. All the volatiles 
were removed in vacuo, and filtered. Concentration of the filtrate to approximately 
10 m L under reduced pressure gave a reddish brown solid. All the volatiles were 
removed in vacuo, and the residue was extracted with toluene (10 mL), the resulting 
solution was then concentrated to approximately 8 m L under reduced pressure. 
Upon standing the solution at room temperature for 1 day, compound 14 was obtained 
as reddish brown crystals. The compound was washed with hexane twice and dried 
in vacuo. Yield: 0.44 g, 0.658 mmol, 33 %. Mp: 288-295 °C (dec.). M S (EI, 70 
eV): m/z (%) [M-Cl(+0)]+ 657 (56), [M-CHPh)CN(+0)]+ 554 (65)，[!?]+ 296 (12), 
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[L2—N(C6H3Me2—2,6)]+ 176 (100) and [L^SiMe3)-N(C6H3Me2-2,6)]^ 103 (37). 
Anal, found: C, 65.58; H, 7.05; N, 8.60 %. Calc. for C36H46VN4Si2Cl: C, 63.84; H, 
6.84; N, 8.27 %. 
1 1 4 
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CHAPTER 4. SYNTHESIS AND STRUCTURES OF 
CHROMIUM AMIDO AND 
BENZAMIDINATO COMPLEXES 
4.1 INTRODUCTION 
4.1.1 General Background 
In the past decade, the chemistry of low- to mid-valent chromium amido and 
amidinato complexes has attracted much attention due to their potential applications 
in non-metallocene olefin polymerizations''^  and metal-metal multiple bond 
formations.^ '" These complexes have also been considered as critical models for the 
alkyl halide activation step in Cr-based reactions in organic synthesis.""'^  
4.1.2 An Overview on Chromium (III) Amides 
The homoleptic chromium(III) triamide [Cr(N 'Pr2)3] was first prepared by 
Abel and co-workers in 1966. The compound appeared to be three-coordinate 
monomeric in both solid and solution states (Chart 4-1).'^  Other chromium(III) 
dialkylamide complexes [Cr(NR2)3] (R = M e or Et) appeared to exist as 
dialkylamido-bridged dimers in which each chromium metal center was surrounded 
by a tetrahedral ligand field (Chart 
/ \ N-SiMe3 
\ MegSi 
R = Me or Et 
Abel eM/. 13c Burger ef a/. 13a. 13b 
Chart 4-1 
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These complexes undergo unusual disproportionation reactions under vacuum 
and at mild temperatures. This may be attributed to the inability of chromium(III) to 
achieve its optimized hexacoordination geometry due to steric hindrance (Equation 
[Cr(NR2)3]2 [Cr(NR2)4] + [Cr(NR2)2]„ • 
Equation 4-1 
The monomeric [Cr{(NSiMe3)2}3] was first prepared by Burger and Wannagat 
in the early 1960’s by the reaction of CICH with [Na{N(SiMe3)2}] in THF (Chart 
A few years later, by employing the lithium silylamido reagent 
[Li{N(SiMe3)2}]，the compound was prepared in a higher yield and structurally 
characterized by Bradley and co-workers. 
It was until 1992 that Schrock and co-workers reported the preparations of the 
trigonal monopyramidal chromium(III) complex [Cr(N3N)] ([NsN]^" = [{(Bu^  
Me2Si)NCH2CH2}3N]3-) (Chart 4-2).口 A few years later, Kempe and co-workers 
reported the synthesis of homoleptic chromium(III) complex 
[Cr{N(SiMe3)(2-C5H3N~4~Me)}3] (Chart 4-2)：' Moreover, by employing the 
bulky A^ ,;V'-chelating ligand [ArNC(Me)C(H)C(Me)NAr]" (Ar = 2，6—'PrzCeH])， 
Gibson et al. have reported the preparations and structural characterization of the 
doubly-chloride bridged dinuclear [Cr{(ArNC(Me))2C(H)}R(//-C1)]2(R = CI or Me) 
(Chart 4-2). 
c 之 、 4 广 
\sf— ‘ ^ N Ar=2.6-'PrCeH3 
SiMea R = CI or Me 
Schrock ef a/. 17 Kempe et a/J® Gibson et al.''^ 
Chart 4-2 
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By employing the chelating amido diphosphine ligand [N(SiMe2CH2PPh2)2]—, 
Fryzuk and co-workers have prepared and structurally characterized a series of 
five-coordinate chromium(III) alkyl complexes, including 
[Cr(Me)X{N(SiMe2CH2PPh2)2}] (X = Br or I) and [Cr(R)(R，){N(SiMe2CH2PPh2)2}] 
(R = R' = CI or CH2SiMe3； R/R' = Cl/CHzSiMes) (Chart 4-3)." The dichloro ； 
chromium(III) complex was proved to be highly active towards olefin polymerization 
catalysis. 
In 2001，Filippou et al have also prepared and structurally characterized the 
chromium(III) complex [Cr{N(CH2CH2NSiMe3)3}] by using the triamidoamine 
ligand [N(Me3SiNCH2CH2)3]3-(Chart 4-3)/' Recently，by using the A^ .A^ -bidentate 
disiloxane-1,3-diamido ligand [(N'BuSiMe2)20]2-, Yasuda and co-workers have 
prepared the dinuclear chromium(III) complex [Cx2 {(N(Bu')SiMe2)20} 3], which 
showed activity towards polymerization of ethylene when activated with cocatalysts 
(Chart 4-3).' 
Z^u 
/^PPh2 f PPh2 MeaSi^  SiMej MezSj—N 
|、X < I R. \ < I > Me2sl—/ Me^Si-O-SiMe^ / - 严 2 
/ \ I 
R = R' = CI orCHsSiMea； 日u N^-SiMes 
X = Br or I r/r- = ci/CH2SiMe3 Bu' 
Fryzuk et a/.'''' Filippou et a/.i9 Yasuda et al.^ 
Chart 4-3 
Very recently, by employing the 6w(trimethylsilyl)amido ligand [N(SiMe3)2]-， 
Etkin and co-workers have prepared and structurally characterized the trigonal planar 
[Cr{N(SiMe3)2}(OCMe2Ph)2]，which contains one amido ligand and two alkoxide 
ligands (Chart 4-4)/ On the other hand, by employing the monoanionic 
[(Ar)2nacnac]~ ligand ([(Ar)2nacnac]— = 2，4~pentane-7V","'-bis(aryl)ketiminato 
anion), Theopold et al have prepared the chromium(III) chloride complex 
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[Cr{(Ar)2nacnac}Cl2(THF)2] and the alkyl complexes [Cr{(Ar)2nacnac}(R)2(THF)] 
(R = Me or CHsSiMe])，and the cationic [Cr{(Ar)2nacnac}Me(THF)2]'" (Chart 4-4).' 
二 、 》 C 7 /Ar Ar Ar 了 
cl JTi-�K/e ；K .���-
。/、 , c r - o j I c r ， 1 /Cr^Me 
j i a /c |Z 产 N THF ；^N THF 
P h ^ V / V P h Xr \r ：• 
Ar= Phor 2,6-Me2Ph 
Etkin et al, Theopoid et a!?- 5 
Chart 4-4 
4.1.3 An Overview on Chromium(II) Amidinates 
In 1975，Cotton and co-workers reported the preparation of a dichromium 
amidinato complex by the reaction of Cr(C0)6 with N,N'-diphenylbenzamidine 
(Equation 4-2).^ '^  However, structural characterization of the dimeric 
[Cr{(Ph)C(NPh)2}2]2 could not be carried out due to its low solubility in organic 
solvents. 
Cr(C0)6 十[(PhN)(Ph)C(NHPh)] • [Cr{(PhC(NPh)2h]2 + C O 
Equation 4—2 
Two years later, several dimeric formamidine complexes of type 
[Cr{HC(NAr)2}2]2 containing a quadruple metal-metal bond were reported by Vrieze 
and co-workers." The complexes were synthesized by the reaction of Cr(C0)6 with 
an appropriate A^ ,A^ '-diarylformaidine. Again, attempts to obtain single crystals of 
the complexes for structural characterization have been unsuccessful. It was until 
1979 that Cotton et al have prepared and for the f i rst time structurally characterized 
the tetrakis{N,N '-dimethyIbenzamidinato) dichromium complex which has a very 
short Cr-Cr quadruple bond distance of 1.843(2) k?^ 
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In the 1980，s，by applying a general valence bond (GVB) calculation approach, 
a series of theoretical studies on Cr-Cr bonding in a number of dichromium(II) 
amidino complexes were carried out by Hall and co-workers.'' ‘ Although absolute 
values could not be determined for the Cr-Cr bond lengths in the formamidinato, 
formamido and formato complexes, a general trend of bond length extension from • 
amidinato to formato was predicted and borne out by experimental values.^  In 
another theoretical study, Hall et al have also found that both the inductive effect of 
the bridging amidino ligands and the presence of axial ligands influenced the 
Cr(II)-Cr(II) bond l e n g t h s " ? 
In 1991，Noltmeyer and co-workers reported the preparation and structural 
characterization of the mononuclear flattened tetrahedral [Cr{(Ph)C(NSiMe3)2}2] 
(Chart 4-5).'" By employing the symmetrical [(R)C(NCy)2]~ ligands (R = H，Me 
or PhO-CH2NMe2))， Gambarotta et al. have prepared the dinuclear 
[Cr{(H)C(NCy)2}2]2， mononuclear [Cr{(Me)C(NCy)2}2] and 
[Cr{[Ph(o-CH2NMe2)]C(NCy)2}2(THF)2] (Chart 4-5).^ ^ 
4丨/ ^ > 
o - < c > < ) > - o � ( > < � " 
N N N, 、 
A - � L 
R = H, Me or Ph(o-CH2NMe2) 
Noltmeyer et alP Gambarotta et al.^^ 
Chart 4-5 
Recently, Cotton and co-workers have reported a series of chromium(II) 
complexes containing the N, N -Z?z^ (2,6-xylyl)fonnamidinate ligand [DXylF]" 
These include the monomeric [Cr(DXylF)2]，dimeric [Cr(DXylF)Cw-Cl)(THF)]2 and 
[Cr(Ac)(DXylF)(THF)]2 (Chart 4-6).'"^  
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H H r^^^N^ \ 
T \ r \ r If c. 
\ / / l/CI\l / . P ^ S j 
Cr THF—Cr. .Cr—THF THF- Cr^^Cr—THF 
I / \ \ I I C|Z| . bwo^ 
(icf力 ( ^ Y 力 砂 力 
Cotton et a/.6b 
Chart 4-6 
In 2002，Smith and co-workers prepared the chromium(II) cyclopentadienyl 
benzamidinato complex [Cr(Cp){(Ar)C(NSiMe3)2}] (Ar = Ph or 4-C6H4CF3) via the 
reductions of the chromium(III) chloro compounds [Cr(Cp) {(Ar)C(NSiMe3)2} CI] 
with allyl magnesium bromide (Chart 4-7).'^  By employing the symmetrical 
monoanionic Z7w(A^ ,A^ '-diisopropyl){2,6-Z7w(mesityl)}benzamidinato ligand, Arnold 
et al. have reported the preparations of the corresponding monomeric chromium(II) 
benzamidinate (Chart 4-7).^ ^ 
A / f A V 
I A X ^ 
Smith ef a/. 12 Arnold ef al.^^ 
Chart 4-7 
Recently, Winter and co-workers have reported a few mononuclear and 
dinuclear chromium(II) complexes supported by the monoanionic 
[(RN)(Me)C(NR，)]一 ligands (R = R, = 'Bu or 'Pr; R/R’ = 'Bu/Et ) (Chart 4-8).'° 
Moreover, by employing a multidentate N, N -phenyl-2-pyridyIbenzamidinato ligand 
[(PhN)(Ph)C(N-2-Py)]~ Cotton and co-workers have prepared the chromium(II) 
complex [Cr3 {(PhN)(Ph)C(N-2-Py)} 4CI2], which consists of an essentially linear but 
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unsymmetrical (>36+ chain coordinated by a spiral set of ligands and two chloride 
atoms at the axial positions.^ '-
Me 
(I Me Me 
八 , . 
r z Y � / Q — : 
Me Me 曰'Bu 、Me 
R = 'Bu or 'Pr 
Winter et ai:° 
Chart 4-8 
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4.2 AIMS OF OUR STUDIES 
In the past decade, considerable research efforts have been devoted to the 
studies of low-valent chromium(II) and (III) amido and amidinato complexes. 
Previous studies by other research groups have demonstrated that low-valent 
chromium metal centers could be stabilized by a variety of A/'.A/''-chelating amido and 
symmetrical amidinato ligands, and the corresponding metal complexes showed 
reactivity towards both homogeneous and heterogeneous polymerizations of olefins 
when activated with cocatalysts. 
As a continuous studies on the synthesis and structures of the early transition 
metal amides and amidinates, we reported in this chapter the preparation and 
characterization of low-valent chromium amido and benzamidinato complexes 
supported by the V and I? ligands. 
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4.3 RESULTS AND DISCUSSION 
4.3.1 SYNTHESIS AND STRUCTURES OF A MONOMERIC 
CHROMIUM(III) AMIDE AND A CHROMIUM(II) 
BENZAMIDINATE 
4.3.1.1 Synthesis of [Cr(L^)3] (16) 
Synthesis of the homoleptic chromium(III) rrw-amido complex [Cr(L^ )3] 
(16) was summarized in Scheme 4-1. Reaction of anhydrous CrCls and 3 molar 
equivalents of potassium amide KL^ (prepared by the reaction of 1 with 1.5 molar 
equivalents of K H in EtzO) in THF at 30-40 °C resulted in a deep green reaction 
mixture. After filtration and removal of all the volatiles in vacuo, the dark green 
residue was extracted with toluene to give 16 as reddish brown crystals in 57 % yield 
(based on CrCls used). 
(Route 1) 
. N N . (i) KH, EtzO, r.t., 4 hr 
. N f ' ^ V SiBu'Mes — 
(ii) CrCb. THF. 30-40 °C. 12 h ^ ^ 
1 Me^Bu'Si-N^^ / 旧 
w \ 少 N 
(^XI ‘ ^ 3 
(Route 2) 
THF. r.t., 1 d 
C r C b 令 3/2 [KLi(tmeda)]2 
16 Route 1: 5 7 % 
Route 2: 35 % 
Scheme 4-1 
Compound 16 was also successfully prepared by the reaction of anhydrous 
CrCls with 3/2 molar equivalents of [KL'(tmeda)]2" in THF for 1 day. (Scheme 4-1) 
Compound 16 is rather stable towards air and moisture and is soluble in toluene and 
THF, but only sparingly soluble in diethyl ether and hexane. The compound could 
be recrystallized from toluene. 
1 3 0 
Attempts to synthesize chromium(III) /?w-amide [Cr(L^ )2Cl] by treatment 
of anhydrous CrCb with two molar equivalents of KL' in THF have been 
unsuccessful. A reddish brown crystalline solid was isolated after the reaction, 
which was confirmed by X-ray crystallographic studies to be compound 16 (Scheme 
4-2). 
, H 广― 2 
2 V V ^ S i B u ' M e ^ ( i ) K H , E t , 0 , r . t . . 4 h r ^ 丄 一 N 
i J (ii) CrCl3. THF. r.t., 12 h r ^ N � � � � , . / 
1 S 旧 u'Me2 
/ 
1 6 1 4 % 
Scheme 4-2 
Attempts to synthesize the desired chromium(II) amide by the reaction of 
anhydrous CrCl2 with two molar equivalents of KL' in THF for 1 day afforded a 
reddish brown crystalline solid, which was confirmed by X-ray crystallographic 
studies to be the chromium(III) amide 16 (Scheme 4-3). Moreover, reaction of 
anhydrous CrCb with one molar equivalent of [KX'(tmeda)]2" in THF also afforded a 
reddish brown crystalline solid, which was confirmed by mass spectroscopy and 
melting-point to be compound 16 (Scheme 4-3). The isolation of the /rw-chelated 
chromium(III) amide 16 is somewhat surprising but not unprecedented. Similar 
results have been reported previously concerning the unexpected isolation of 




2 YV。、SiB—2 _|_,r.t‘,4hr___ 
(ii) CrCl2,THF, r.t., 1 d ^ ^ 
,,o S旧uWe2 1 MezBu'S 卜 N^ 丨 ^ 
_ _ ^ 丄 
…�.J . .� 
(Route 4) l ^ ^ i / ； 
THF. r.t.. 12 h SiBufMez 
CrCl2 ， [KL\tmeda)]2 
16 Route 3: 25 % 
Route 4: 20 % 
Scheme 4-3 
4.3.1.2 Synthesis of [ 0 ( 1 7 ) 2 � ( 1 7 ) 
Apart from the synthesis of monochloro vanadium benzamidinate complex 
[V(l2)2C1] (14) described in the previous chapter, we also extend our studies on the 
\} ligand to chromium. Reaction of anhydrous CICLJ with [Li(L^ )(tmeda)]^ '^ ' ^^ (13) in 
toluene at ambient temperature afforded the chromium(II) benzamidinate complex 
[Cr(L2)2] (17) (Scheme 4-4). 
\ \ , \ .SiMea 
2 ^ ( > 0 + - ^ ^ 
N / \ N 
MeaSi MeaSi \ 
13 17 4 6 % 
Scheme 4-4 
Compound 17 was recrystallized from diethyl ether as dark red 
block-shaped crystals in 46 % yield. It is highly sensitive towards air and moisture, 
and is soluble in common organic solvent, such as diethyl ether and toluene, but only 
sparingly soluble in. hexane. 
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Attempts to synthesize the chromium(III) counterpart by the reaction of 
anhydrous CrCls with 2 molar equivalents of [Li(L^ )(tmeda)]"' (13) in diethyl ether 
gave a green crystalline solid (Scheme 4-5). Unfortunately, single crystals suitable 
for X-ray diffraction studies could not be obtained during the preparation of this 
thesis. The green crystalline solid was only characterized by mass spectrometry and ； 
elemental analysis. Unfortunately, results of the analyses were not consistent. 
Mass spectral data were consistent with the formulation of [Cr(L^ )2Cl], whilst results 
of combustion analysis gave an empirical formula of [Cr(L^ )Cl2(tmeda)]. Further 
studies would be needed to confirm the formulation of the product. 
八 日20 





4.3.1.3 Physical Characterization of Compounds 16 and 17 
Compounds 16 and 17 have been characterized by mass spectrometry (E. I. 
70 eV), elemental anaylsis, magnetic moment and melting-point measurement, in 
addition to single X-ray diffraction studies. Table 4-1 lists some physical properties 
of compounds 16 and 17. 
Table 4-1. Some Physical Properties of Compounds 16 and 17 
Compound Yield (%) Color M.p.fC) 
16 57 Reddish brown crystals 336-341 (dec.) 
17 46 Dark red crystals 225-232 (dec.) 
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Compound 16 is paramagnetic and it magnetic moment in toluene solution 
at 298 K has been measured by the Evans N M R method. The Cr(III) compound 
exhibits a magnetic moment of //eff 二 3.43 /^ b，which is close to the spin-only value of 
3.87 fXB for three unpaired electrons. Surprisingly, the Cr(II) compound 17 has a 
magnetic moment of //gff = 3.72 which is lower than that expected for a high-spin ； 
d4 electronic configuration. This may be attributed to the high reactivity of the Cr(II) 
metal center in complex 17，which can be easily oxidized by trace amount of air to a 
higher oxidation state during the magnetic moment measurement. 
The mass spectrum of compound 16 showed a molecular ion peak [M]+ at 
m/z = 715 (9 %). Fragmentation peaks such as [M-Bu〕+ (658，100 %), 
[M-Bu'-Me]+ (643，60 %) and [L-Bu']" (165，28 %) were also observed. For the 
mass spectrum of compound 17, molecular ion peak [M]+ at m/z = 643 (8 %) was 
observed. The spectrum also showed fragmentation peaks due to the L^ ligand at 
[l2]+ (296’ 35 %) and [L^-C6H3Me2-2,6]^ (147，100 %). 
Results of elemental analysis for both compounds 16 and 17 were 
consistent with their empirical formulae. 
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4.3.1.4 Molecular Structures of Compounds 16 and 17 
1. Molecular Structure of Compound 16 
The molecular structure of compound 16 with the atom numbering scheme is 
depicted in Figure 4-1. Selected bond lengths (A) and angles (deg) are listed in 
Table 4-1. 
Compound 16 crystallizes in a monoclinic crystal system with the space group PI. 
The chromium(III) metal center adopts a distorted octahedral geometry which is 
bound by three A^ .A^ "'-chelating L! ligands. The two amido nitrogen atoms [N(l) and 
N(3)] together with the two pyridyl nitrogen atoms [N(2) and N(6)] define the 
equatorial plane [sum of bond angle around Cr(l) = 361.13。]，the axial positions are 
occupied by the remaining amido and pyridyl nitrogen atoms [N(4) and N(5)] 
[N(4)-Cr-N(5) = 161.36(8) When comparing with the dimeric vanadium(III) 
amides [V(L')2Cw-C1)]2 (10), the monomeric structure of 16 is somewhat surprising 
since the ionic radius ofCr^" (0.755 A) is similar to that of V�.（0.78 A).” 
The Cr-Namido bond distances of 2.069(2)—2.078(2) A in 16 are marginally 
longer than the corresponding Cr-Npyridyi bond distances of 2.044(2)-2.056(2) A, but 
are comparable to those of 2.056(6)-2.079(5) A and 2.024(6)-2.054(5) A, 
respectively, in the homoleptic chromium(III) complex 
[Cr{N(SiMe3)(2-C5H3N"4-Me)}3].i8 Therefore, a delocalized binding mode with 
equivalent nitrogen-metal bonds as known for other chromium(III) benzamidinato 
complexes has been proposed for 1 6 , 
When comparing with other monomeric chromium(III) amido complexes, the 
Cr-Namido bond distances of 2.069(2)-2.078(2) A in 16 are similar to those of 2.022(4) 
and 2.071(4) A, respectively, in [Cr(CH2SiMe3)Cl{N(SiMe2CH2PPh2)2}] and 
[Cr(CH2SiMe3)2{N(SiMe2CH2PPh2)2}]，ii and that of 2.033 A in 
[Cr{(Ph)2nacnac}Cl2(THF)2].2 However, they are much longer than the 
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corresponding bond distances of 1.864(1) and 1.899 A (av.), respectively, in the 
three-coordinate [Cr{N(SiMe3)2}(OCMe2Ph)2r and [Cr{N(SiMe3)2}3]，2。and those of 
1.870(3)-!.886(3) A in the four-coordinate [Cr{N(Me3SiNCH2CH2)3}]." Moreover, 
they are significantly longer than those of 1.879(3)—1.890(3) A in the dinuclear 
[Cr2{(N'BuSiMe2)20}3].3 . 
The Cr-Npyridyl bond distances of 2.044(2)-2.056(2) A in 16 are longer than 
those of 2.005(7)-2.011(7) A in the six-coordinate 
[Cr{(2，6-'Pr2C6H3)N=CH(C4H3N-2)}2(//-a)Li(THF)2]，2丨 but are shorter than those 
of 2.053(3)-2.074(3) A in the cationic [Cr(TPA)Cl2]+ (TPA = 
/nX2-pyridylmethyl)amine)，22 and that of 2.108(2) A in the pyridyl—substituted 
cyclopentadienyl chromium(III) complex [Cr{(Cp)C(Me)2CH2(C5H4N)}Cl2].23 
136 
C31 ^ ^ ^ ⑶ 
C15 
Figure 4-1. Molecular Structure of [0(1/)3] (16). 
Table 4-1. Selected Bond Distances (A) and Angles (deg) for Compound 16 
[Cr(Li)3】(16) 
C r - N ( l ) 2 . 0 7 1 ( 2 ) C r - N ( 2 ) 2 .056(2) 
C r - N ( 3 ) 2 .078(2) C r - N ( 4 ) 2.044(2) 
C r - N ( 5 ) 2 .069(2) C r - N ( 6 ) 2.056(2) 
C r - C ( l ) 2 .507(3) N � - C ( l ) 1 .353(3) 
S i ( l ) - N ( l ) 1 .738(2) N ( 2 ) - C ( 1 ) 1 .363(3) 
N ( l ) - C r - N ( 2 ) 65.55(8) N(l)-Cr-N(3) 106.11(8) 
N(3)-Cr-N(6) 91.95(8) N ( 2 ) - C r - N ( 6 ) 97.52(9) 
N ( 4 ) - C r - N ( 5 ) 1 6 1 . 3 6 ( 8 ) N ( 3 ) - C r - N ( 4 ) 65.52(8) 
C(l)-N(l)-Cr 91.7(2) N ( 5 ) - C r - N ( 6 ) 65.65(8) 
C ( l ) - N ( l ) - C r 9 2 . 0 ( 1 ) N ( l ) - C ( l ) - N ( 2 ) 110.8(2) 
S i ( l ) - N ( l ) - C r 1 4 0 . 6 ( 1 ) N ( 4 ) - C ( 1 3 ) - N ( 3 ) 1 1 1 . 2 ( 2 ) 
C(l)-N(l)-Si(l) 127.6(2) N ( 6 ) - C ( 2 5 ) - N ( 5 ) 110.6(2) 
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2. Molecular Structure of Compound 17 
The molecular structure of compound 17 with the atom numbering scheme is 
depicted in Figure 4-2. Selected bond lengths (A) and angles (deg) are listed in 
Table 4-2. 
Compound 17 is mononuclear and crystallizes in a triclinic crystal system ‘ 
with space group PT. The two I? ligands bind in a trans manner. The chromium(II) 
center adopts a square planar coordination geometry, being chelated by two bidentate 
benzamidinate I? ligands, forming two highly strained four-membered M-N-C-N 
metallaeyclic ring. The four amidinate nitrogen atoms [N(l), N(2)，N(3) and N(4)] 
define the rectangular plane [sum of bond angles around Cr(l) = 359.99。]. 
Delocalization of electron density over the amidinato N-C-N moiety in 17 is 
evidenced by the nearly identical C-N bond distances of 1.313(7)—1.343(7) A 
[ N ( l ) - C ( l ) = 1 . 3 3 7 ( 7 ) A , N ( 2 ) - C � = 1 . 3 1 8 ( 7 ) A , N ( 3 ) - C ( 2 1 ) = 1 . 3 4 3 ( 7 ) A , a n d 
N(4)-C(21) = 1.313(7) A]. Moreover, each I? ligand in 17 coordinates to the metal 
center in an unsymmetrical manner, which is evidenced by the different Cr-Namidinate 
bond distances of 2.055(5)-2.100(5) A. This may be due to the differences in both 
the electronic and steric effects of the SiMes and C6H3Me2—2，6 groups on the 
amidinato nitrogen atoms. Similar behaviors have also been observed in the 
monochloro vanadium(III) benzamidinato complex [V(L^)2C1] (14)，which has been 
described in the previous chapter. 
When comparing with other monomeric chromium(II) amidinate complexes, 
the Cr -Namid ina te bond distances of 2 . 0 5 5 ( 5 ) — 2 . 1 0 0 ( 5 ) A in 17 are comparable to those 
of 2.045(2)-2.075(2) A, respectively, in [Cr(DXylF)2r ([DXylF]"= 
TV,A^ -6/5(2,6-xylyl)formamidinate anion), 2.078(4)-2.088(4) and 2.091(4)-2.122(4)A, 
respectively, in the four-coordinate [Cr{(Me)C(NCy)2}2]"' and 
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[Cr{[PhO-CH2NMe2)](NCy)2}2(THF)2].29 Moreover, they are also similar to those 
of 2.044(2)—2.048(2) and 2.072(2)-2.078(2) A, respectively, in the dimeric 
[Cr{('BuN)(Me)C(NEt)}2]2^° and [Cr(DXylF)(//-Cl)(THF)]2.''' 
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C31 代 C32 C17 
C24 C23 J V s 
J s i 2 C15 
》 > 1 2 
C11 
Figure 4-2. Molecular Structure of [0(1^)2] (17). 
Table 4-2. Selected Bond Distances (A) and Angles (deg) for Compound 17 
[Cr(L2)2�(17) 
C r - N ( l ) 2 . 0 5 8 ( 5 ) C r - N ( 3 ) 2 . 0 5 5 ( 5 ) 
C r - N ( 2 ) 2 . 0 9 9 ( 5 ) C r - N ( 4 ) 2 . 1 0 0 ( 5 ) 
C r - C ( l ) 2 . 4 8 1 ( 7 ) C r - C ( 2 1 ) 2 . 4 6 5 ( 7 ) 
N ( l ) - C ( l ) 1 . 3 3 7 ( 7 ) N ( 2 ) - C ( l ) 1 . 3 1 8 ( 7 ) 
N ( 3 ) - C ( 2 1 ) 1 . 3 4 3 ( 7 ) N ( 4 ) - C ( 2 1 ) 1 . 3 1 3 ( 7 ) 
N � - C r - N ( 2 ) 6 4 . 7 ( 2 ) N ( 2 ) - C r - N ( 3 ) 1 1 5 . 4 ( 2 ) 
N ( l ) - C r - N ( 4 ) 114.9(2) N ( 3 ) - C r - N ( 4 ) 65 .0(2) 
N ( l ) - C r - N ( 3 ) 1 7 7 . 8 ( 2 ) N ( 2 ) - C r - N ( 4 ) 1 7 8 . 3 ( 2 ) 
C ( l ) - N ( l ) - C r 9 1 . 4 ( 4 ) C ( 2 1 ) - N ( 3 ) - C r 90.5(4) 
C ( l ) - N ( 2 ) - C r 90.2(4) C ( 2 1 ) - N ( 4 ) - C r 89.4(4) 
C ( l ) - N ( 2 ) - S i ( l ) 1 3 0 . 9 ( 4 ) C ( 2 1 ) - N ( 4 ) - S i ( 2 ) 1 3 2 . 7 ( 5 ) 
N ( 2 ) - C ( l ) - N ( l ) 1 1 3 . 7 ( 6 ) N ( 4 ) - C ( 2 1 ) - N ( 3 ) 1 1 4 . 5 ( 6 ) 
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4.4 EXPERIMENTALS FOR CHAPTER 4 
4.4.1 General Procedures 
All reactions were carried out under a purified nitrogen atmosphere using 
modified Schlenk techniques. Potassium hydride and «-butyllithium (LiBu”）in 
hexane (ca. 1.6 M ) were purchased from Acros and used as received. Anhydrous : 
CrCb and CrCl2 was purchased from Strem and used received. 
N.N,N',N -Tetramethylethylenediamine (tmeda) and benzonitrile were purchased 
from Alfar Aesar. Benzonitrile was distilled over CaH? before use. The compound 
[Li{(SiMe3)NC(Ph)N(2,6-Me2C6H3)}(tmeda)] (13) was prepared according to 
literature methods?*—�； Solvents were dried over sodium and distilled over sodium 
potassium alloy (hexane and toluene) or sodium benzophenone (diethyl ether and 
THF) and degassed by freeze-thaw cycle three times before use. 
4.4.2 Synthesis of Compounds 
Synthesis of [Cr(l/)3] (16) 
A solution of 1 (1.35 g, 6.07 mmol) in diethyl ether (20 mL) was slowly added 
to a suspension of K H (0.46 g, 11.47 mmol) in diethyl ether (10 mL) at 0 °C • The 
reaction mixture was stirred at room temperature for 4 hours and filtered. All the 
volatiles were removed in vacuo and the resulting white solid residue was washed 
twice with hexane and re-dissolved in THF (20 mL). At 0 °C, this solution was 
added dropwise into a slurry of CrCls (0.35 g，2.21 mmol) in THF (10 mL). A 
brownish purple reaction mixture was immediately observed. It was then allowed to 
warm to 30-40 °C and stirred for 12 hours. The solution was then filtered and all the 
volatiles were removed in vacuo. The deep green residue was extracted with toluene 
(20 mL). It was filtered again and concentrated to approximately 8 m L under 
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reduced pressure. Upon standing the solution at ambient temperature for a few days, 
compound 16 was obtained as reddish brown crystals. The product was washed 
twice with hexane and dried in vacuo. Yield: 0.91 g，1.27 mmol, 57 % (based on 
CrCb used). Mp: 336—341 °C (dec.). y«eff= 3.43 /^ b. M S (EI, 70 eV): m/z (%) 
[M]+ 715 (9)，[M-Bu']+ 658 (100)，[M-Bu'-Me]^ 643 (60) and [L'-Bu^ 165 (28). 
Anal, found: C，60.45; H, 9.01; N, 12.11 %. Calc. for CseHeaCrNeSia： C，60.37; H, 
8.87; N，11.73%. 
Synthesis of [Cr(L^ )2] (17) 
A solution of 13 (1.53 g, 3.65 mmol) in toluene (20 mL) was slowly added to a 
slurry of CrCl] (0.23 g, 1.87 mmol) in toluene (10 mL) at 0 °C. The reaction mixture 
was then allowed to warm to room temperature and stirred for one day. All the 
volatiles were removed in vacuo, and the reddish brown residue was extracted with 
diethyl ether (20 mL) and filtered. Concentration of this resulting solution to 
approximately 10 m L under reduced pressure and upon standing the solution at room 
temperature for 1 day gave compound 17 as dark red crystals. The compound was 
washed with cold diethyl ether twice and dried in vacuo. Yield: 0.55 g, 0.855 mmol, 
46 %. Mp: 215-220 °C (dec.). M S (EI, 70 eV): mIz (%) [M]+ 643 (8)，[lY 296 
(35) and [L^-C6H3Me2-2,6]^ 147 (100). Anal, found: C，67.03; H, 7.27; N，9.15 %. 
Calc. for C36H46CrN4Si2： C, 67.25; H, 7.21; N，8.71 %. 
Reaction of 13 and CrCb 
A solution of 13 (1.51 g, 3.60 mmol) in diethyl ether (20 mL) was slowly added 
to a slurry of CrCls (0.31 g，1.98 mmol) in diethyl ether (10 mL) at 0 °C. The 
reaction mixture was then allowed to warm to room temperature and stirred for 1 day. 
All the volatiles were removed in vacuo, and the greyish green residue was extracted 
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with diethyl ether (20 mL) and the resulting turbid deep green solution was filtered. 
Concentration of the resulting solution to approximately 6 m L under reduced pressure 
gave a deep green solid. The compound was washed with cold diethyl ether twice 
and dried in vacuo. Mp: 210—216。C (dec.). M S (EI, 70 eV): m/z (%) [M]+ 677 (3)， 
[M-C1]+ 642 (3), [l2]+ 296 (25) and [L^-CgHs Me】—2,6]+ 147 (8). Anal, found: C ,： 
54.25; H，7.46; N, 10.54 %. Calc. for C24H39CrN4SiCl2： C，53.92; H，7.35; N，10.48 
%. 
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Appendix 1 
Physical Measurements and X-Ray Crystallography 
^H and '^ C N M R spectra were recorded on a Broker DPX 300 spectrometer at 
300.13 M H z and 75.47 MHz, respectively. All spectra were recorded in CeDe and 
the chemical shifts 5 were referenced to residual solvent protons at 7.16 (in ^ H NMR)"‘ 
and 128.06 ppm (in NMR), respectively. EI mass spectra were taken from 
solid state samples using a ThermoFinnigan M A T 95 XL mass spectrometer. IR 
spectra were taken as KBr pellets using a Perkin Elmer Spectrum One FT-IR 
spectrometer. Melting points were recorded on an electrothermal melting point 
apparatus and were uncorrected. Magnetic moments were measured by the Evans 
method in toluene solution at 298 K using a JOEL 60 M H z N M R Spectrometer. 
Elemental analyses (C, H, N) were performed by M E D A C Ltd., Brunei University, 
U K and The Shanghai Institute of Organic Chemistry, P. R. China. 
Single-crystals of compounds 3-6, 8-11，14，16 and 17 suitable for 
crystallographic studies were mounted in glass capillaries and sealed under dinitrogen. 
Data were collected on Brucker S M A R T C C D diffractometer using 
graphite-monochromatized Mo-Ka radiation (X, = 0.71073). The structures were 
solved by direct phase determination using the computer program SHELX-97 and 
refined by full-matrix least squares with anisotropic thermal parameters for the 
non-hydrogen atoms." Hydrogen atoms were introduced in their idealized positions 
and included in structure factor calculations with assigned isotropic temperature 
factors. 
“ G . M. Sheldrick, S H E L X - 9 7 , Package for Crystal Structre Solution and Refinement, University of 
Gfmingen, Germany, 1997. 
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Appendix 2 
Mass Spectra, ^H and NMR Spectra, and IR Spectra 
(1) Mass Spectrum of [Ti(L^ )Cl2(/^ -Cl)] (3). 
(2) N M R Spectrum of [Ti(L')Cl2(//-Cl)] (3). 
(3) i3c{〖H} N M R Spectrum of [Ti(L^ )Cl2(/^ -Cl)] (3). ： 
(4) Mass Spectrum of [Ti(L')Cl3(THF)] (4). 
(5) ^ H N M R Spectrum of [TiCL^bCTHF)] (4). 
(6) i3c{1h} N M R Spectrum of [Ti(L^)Cl3(THF)] (4). 
(7) Mass Spectrum of[Hf(L')3H] (8). 
(8) 1h N M R Spectrum of[Hf(L^)3H] (8). 
(9) 13c{1h} N M R Spectrum of[Hf(L')3H] (8). 
(10) IR Spectrum of[Hf(L^)3H] (8). 
(11) Mass Spectrum of [ZrCL^Me] (9). 
(12) N M R Spectrum of [Zr(L')3Me] (9). 
(13) 13c{1H} N M R Spectrum of [Zr(L丨)3Me] (9). 
(14) Mass Spectrum of [V(L%(//-Cl)2] (10). 
(15) IR Spectrum of [V(L')2(//-C1)2] (10). 
(16) Mass Spectrum of [V(L')2C«-H)2] (11). 
(17) N M R Spectrum of [V(L^ )2(//-H)2] (11). 
(18) "c{1h} N M R Spectrum of [V(L^ )2(//-H)2] (11). 
(19) IR Spectrum of [V(L')2(//-H)2] (11). 
(20) Mass Spectrum of[V(L^)2Cl] (14). 
(21) Mass Spectrum of[Cr(L^)3] (16). 
(22) Mass Spectrum of[Cr(L^)2] (17). 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Selected Crystallographic Data 
Table A-1. Selected Crystallographic Data for Compounds 3-4. 
Table A—2. Selected Crystallographic Data for Compounds 8-9. 
Table A-3. Selected Crystallographic Data for Compounds 10-11. ‘ 
Table A-4. Selected Crystallographic Data for Compounds 14，16-17. 
1 7 2 , 
Table A-1. Selected Crystallographic Data for Compounds 3-4. 
— 3 4 一 
M o l e c u l a r f o r m u l a C24H42Ti2Cl6N4Si2 Q e H s g T i C b N s S i 
M o l e c u l a r w e i g h t , g mol" ' 7 5 1 . 3 0 4 4 7 . 7 5 
C r y s t a l s i z e , i W 0.40 x 0.30 x 0.20 0.40 x 0.30 x 0.20 
C r y s t a l s y s t e m O r t h o r h o m b i c M o n o c l i n i c 
S p a c e g r o u p Pca2\ P2(l)/n ' 
a, A 1 6 . 1 5 4 ( 2 ) 1 5 . 5 4 5 ( 2 ) 
b, A 1 1 . 2 5 2 ( 1 ) 1 3 . 2 6 5 ( 2 ) 
c，A 1 9 . 5 4 8 ( 2 ) 2 1 . 7 3 4 ( 2 ) 
a , p, 丫，deg 90，90，90 90，94.927(2), 90 
Z 4 8 
, 3 5 5 3 . 1 ( 7 ) 4 4 6 5 . 1 ( 9 ) 
Density，gcm-3 1 .404 1 .332 
T e m p e r a t u r e , K 2 9 3 ( 2 ) 2 7 3 ( 2 ) 
M a x . and min. t r a n s m i s s i o n 1.0000 and 0 .767543 1.000000 and 0 . 7 5 3 1 2 5 
N o . o f r e f l e c t i o n c o l l e c t e d 2 3 0 2 7 2 7 4 9 9 
N o . o f unique data m e a s u r e d 7 4 7 4 (Rim = 0.0357) 9 7 2 5 (Ri„, = 0.0494) 
O b s . data wi th / > 2a(7) 6026 5245 
N o . o f v a r i a b l e s , ; ? 343 433 
F ina l R indices [ / > 2a{r)f R 1 = 0.0353 R 1 = 0.0488 
w R 2 = 0.0837 w R 2 = 0 . 1 1 6 1 
R indices (all data)" R 1 = 0 . 0 5 1 7 R 1 = 0 . 1 1 4 4 
w R 2 = 0.0929 w R 2 = 0 . 1 5 7 8 
a R1 = Z I厂ol - N / z wR2 = {Z [W(Fo2 — Fc2)2] / ^ (XF� ')�]广 
173 
Table A-2. Selected Crystallographic Data for Compounds 8-9. 
— 8 9 — 
M o l e c u l a r f o r m u l a C36H64HfN6Si3 CseHeeZrNeSis 
M o l e c u l a r w e i g h t , g m o l ' ' 843.69 7 7 0 . 4 5 
C r y s t a l s i z e , mm^ 0.50 x 0.40 x 0.20 0.30 x 0.20 x 0.10 
C r y s t a l s y s t e m O r t h o r h o m b i c M o n o c l i n i c 
S p a c e g r o u p P2\/n ‘ 
a, A 10.956(2) 1 1 . 8 1 0 ( 2 ) 
b, A 18.920(4) 3 8 . 6 8 2 ( 7 ) 
c，A 20.909(4) 1 9 . 3 1 5 ( 4 ) 
a , P’ Y, d e g 90，90, 90 90，91.554(4) , 90 
Z 4 8 
4 3 3 4 . 1 ( 2 ) 8 8 2 0 ( 3 ) 
Density，gcm-3 1 . 2 9 1 1 . 1 6 0 
T e m p e r a t u r e , K 2 9 3 ( 2 ) 2 9 3 ( 2 ) 
M a x . and m i n . t r a n s m i s s i o n 1.000 and 0 . 7 1 0 4 5 1.0000 and 0 . 6 7 5 4 7 4 
N o . o f r e f l e c t i o n c o l l e c t e d 4 2 4 3 6 1 3 9 8 
N o . o f u n i q u e data m e a s u r e d 4 2 3 9 (Rin, = 0 . 1 1 1 9 ) 2 1 8 5 9 (Rin, = 0 . 0 5 9 1 ) 
O b s . data w i t h I> 2(j{I) 3 7 0 6 1 1 8 0 5 
N o . o f v a r i a b l e s , / ? 4 1 5 847 
F i n a l R i n d i c e s [ / > R 1 = 0.0398 R 1 = 0.0496 
w R 2 = 0.0985 w R 2 = 0 . 1 1 2 2 
R i n d i c e s (al l data)" R 1 = 0.0558 R 1 = 0 . 1 2 5 3 
w R 2 = 0 . 1 0 5 1 w R 2 = 0 . 1 4 9 6 
a = Z ll^ol - 岡 I / Z l^ol； W R 2 = ( Z [ W ( F � 2 - F C 2 ) 2 ] / ^ [ W ( F � 2 ) 2 ] 广 
1 7 4 
Table A-3. Selected Crystallographic Data for Compounds 10-11. 
10 • • 2 0 n 
M o l e c u l a r f o r m u l a CsoHggVzCbNsS 1400.5 CasHseViNsSij 
M o l e c u l a r w e i g h t , g mol"' 1095.43 989.49 
C r y s t a l s ize , n W 0.40 x 0.30 x 0.20 0.40 x 0.30 x 0.20 
C r y s t a l sys tem Tric l inic Tricl inic 
S p a c e g r o u p P\ P\ : 
a, A 10.962(1) 13.346(3) 
b，A 11.002(2) 13.860(3) 
c，A 27 .463(4) 1 7 . 1 9 3 ( 4 ) 
a , p, y , d e g 97 .847(2) , 92.023(3), 106.103(3) 90.761(4) , 108.576(4), 104.873(4) 
Z 2 2 
3 1 4 3 . 3 ( 7 ) 2898.1 ( 1 ) 
D e n s i t y , gcm-3 1 . 1 5 7 1 . 135 
T e m p e r a t u r e , K 293(2) 293(2) 
M a x . and min. transmission 1.0000 and 0.690595 1.0000 and 0.088434 
N o . o f re f lec t ion c o l l e c t e d 2 2 1 4 9 14908 
N o . o f unique data measured 1 5 3 3 9 (Ri„t = 0.0241) 1 0 1 1 8 (Ri„t = 0.0398) 
O b s . data w i t h / > 2 < 7 ( 7 ) 8387 5982 
N o . o f variables,/? 604 567 
Final R indices [ / > 2o<7)]' R l = 0.0563 R l = 0.1343 
w R 2 = 0 . 1 5 3 0 w R 2 = 0.3667 
R indices (all data) ' R l = 0 . 1 1 4 1 R l = 0.1992 
w R 2 = 0 .1940 w R 2 = 0.4285 
a R l = 2： II 厂o| - Fell / Z |Fo|; WR2 = {I [W(FO2 - F^ 'f] / I IXFoY]广 
1 7 5 
Table A-4. Selected Crystal lographic Data for Compounds 14，16-17. 
14 J ^ H 
M o l e c u l a r f o r m u l a C j s I i i s V C l N d S i s C36H63CrN6Si3 C36H46CrN4Si2 
M o l e c u l a r w e i g h t , g mol-i 6 7 7 . 3 4 7 1 6 . 1 9 642.95 
C r y s t a l s i z e , m m � 0 .50 x 0.40 x 0.30 0.50 x 0.40 x 0.30 0.50 x 0.40 x 0.30 
C r y s t a l s y s t e m O r t h o r h o m b i c M o n o c l i n i c Tr ic l inic • 
S p a c e g r o u p P 2 i 2 i 2 i Pi P^ ‘ 
a, A 1 2 . 8 1 0 ( 1 ) 9 . 7 6 0 ( 1 ) 12.438(3) 
b，A 1 6 . 0 8 9 ( 1 ) 1 1 . 2 8 8 ( 1 ) 12 .953(3) 
c，A 18.226(2) 1 9 . 9 3 9 ( 2 ) 13 .872(3) 
a , p, y , d e g 90，90，90 9 5 . 8 4 4 ( 2 ) ， 9 2 . 8 3 8 ( 2 ) , 1 13 .85(3) , 92.60(3)， 
102.400(2) 1 1 2 . 5 6 ( 3 ) 
Z 4 2 2 
K A ' ‘ 3 7 5 6 . 6 ( 6 ) 2 1 2 8 . 6 ( 4 ) 1 8 3 3 . 7 ( 6 ) 
D e n s i t y , g e m ' ' 1 . 1 9 8 1 . 1 1 7 1 . 1 6 4 
T e m p e r a t u r e , K 2 9 3 ( 2 ) 2 7 3 ( 2 ) 2 9 3 ( 2 ) 
A b s . c o e f f i c i e n t , mm-i 0 . 4 2 8 0.383 0.406 
M a x . and m i n . t r a n s m i s s i o n 1 .000 and 0 . 8 1 8 7 4 3 1.00000 and 0 . 8 0 5 4 1 4 1.0000 and 0.88143 
N o . o f r e f l e c t i o n c o l l e c t e d 2 0 6 4 2 1 4 5 5 3 6 7 7 9 
N o . o f u n i q u e data m e a s u r e d 6 6 1 2 1 0 1 1 2 6 4 6 9 
(Rint = 0 . 0 3 3 3 ) (Rint = 0 . 0 2 1 6 ) (Rmt = 0 . 0 9 1 2 ) 
O b s . d a t a w i t h / > 2 o < 7 ) 5 2 4 4 6 9 1 8 2 5 6 1 
N o . o f v a r i a b l e s , / * 3 9 9 4 1 5 388 
F i n a l R i n d i c e s [ / > l a i T ) ^ R 1 = 0.0600 R 1 = 0.0493 R 1 = 0.0699 
w R 2 = 0 . 1 7 7 6 w R 2 = 0 . 1 2 8 9 w R 2 = 0 . 1 6 1 2 
R i n d i c e s (al l d a t a ) ' R 1 = 0.0804 R 1 = 0 . 0 8 1 1 R 1 = 0.2235 
w R 2 = 0 . 2 1 1 2 w R 2 = 0 . 1 5 0 9 w R 2 = 0 .2125 
a 幻= Z： IFol - Fell / z i尸ol; W R 2 = { Z [W(Fo2 - Fc2)2] / ^ [ w ( F o Y ] } ' ' 
1 7 6 
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